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Pretace 


In “Hellenophilia versus the History of Science,” David Pingree defined science as 
follows: “science is a systematic explanation of perceived or imaginary phenomena, 
or else is based upon such an explanation.” This broad view of science includes 
astronomy, mathematics and other sciences with which we are familiar today as well 
as those subjects deemed nonscientific by today’s standards such as astrology and 
magic, but which as practiced in the ancient world were nevertheless based upon 
rational and mathematical foundations, and so are no less deserving of attention 

by a historian of science. Pingree’s own research covered all of these fields— 
astronomy, mathematics, astrology, astral magic, and Hermetic knowledge—and he 
repeatedly demonstrated that not only were each of these subjects worthy of study 
in their own right, but that in the ancient and medieval period these fields were 
closely interconnected. 

Pingree’s expertise in the history of science encompassed not only the broad 
range of sciences practiced in the ancient and medieval period, but also the many 
cultures of what, for want of a better term, may be called the Western tradition, 
in which it was practiced: ancient Mesopotamia, the Classical World, India, the 
Islamic World, Byzantium, and Medieval and Renaissance Europe. His extensive 
knowledge of the languages and histories of these cultures enabled him to understand 
the flow of scientific knowledge from one culture to another: the careful study of the 
transmission of science is one of the most prominent features of Pingree’s work. 

The aim of this collection of essays is twofold. First, we hope that students and 
younger scholars entering the field of the history of science will be able to learn 
from the example of Pingree’s work: how to study texts, how to treat ancient science 
with an open mind, and how to investigate the transmission of knowledge from one 
culture to another. Second, scholars who work on the history of science will find the 
collection of many of Pingree’s most important papers a convenient reference work. 
Both audiences will come away with an overview of one person’s perspective on the 
history of science: the approaches that have proved fruitful, the questions that are 
worth asking, and the results of one man’s lifelong study of ancient and medieval 
scientific texts. 

The selection of essays for this collection was based upon suggestions made 
by J. Lennart Berggren, Charles Burnett, Bernard R. Goldstein, Takao Hayashi, 
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Alexander Jones, and John Steele. In making the final selection we have attempted 
to obtain a balance between the different sciences, cultures, and languages on 
which Pingree worked, and between introductory or discursive essays that deal 
with broad topics and more focused textual studies or technical analyses of specific 
problems. We have sought this balance in order to serve readers who may come to 
this collection from a variety of backgrounds, whether as new students beginning to 
work on the study of early science who will benefit both from the broader overview 
papers and by learning from Pingree’s methodological approach to studying ancient 
scientific texts, or established researchers who will have a convenient reference 
source for many of Pingree’s most important papers. 

The papers have been divided into six broad sections. The first section contains 
general studies on the history of science that discuss some of the central problems 
that underlie almost all of Pingree’s work: the transmission of science and the study 
of ancient scientific texts. The subsequent sections contain essays on the sciences of 
five broad cultural groups: ancient Mesopotamia; the Classical World; India; Islam; 
and Byzantine, Medieval, and Renaissance Europe. Inspection of the titles of the 
essays in these sections, however, will reveal that many do not fit into one culture 
alone. Pingree’s interest in and pioneering work on transmission led to many studies 
of the dependence of the science of one culture on that of another, and even the 
recovery of the lost science of one culture from preserved evidence in a later culture. 
Thus, readers who come to this collection interested in the science of a particular 
culture will be rewarded by reading the essays in the other sections. A bibliography 
of the words of David Pingree up to 2004 appeared in the volume Studies in the 
History of the Exact Sciences in Honour of David Pingree (Leiden: Brill, 2004), 
edited by C. Burnett, J. Ρ. Hogendijk, K. Plofker, and M. Yano. We provide an 
updated bibliography of monographs, chapters in edited works, and journal articles 
at the end of this volume, based in large part upon the previously mentioned 
bibliography; for a list of encyclopedia entries and book reviews we refer the reader 
to that bibliography. 


Isabelle Pingree 
John Steele 
Providence, RI 
May 2014 
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AVID EDWIN PINGREE, university professor, professor 
of the history of mathematics, and chair of the Department 
of the History of Mathematics at Brown University, died on 

11 November 2005, from complications of the diabetes he had been 
suffering from throughout his life.! He died when he was at the height 
of his productivity, with many projects on the go, and is sorely missed 
by his colleagues and students and by the whole scientific community. 
A mark of the width of his interests and the international spread of 
his renown is the festschrift that was presented to him in January 
2004, which includes, in its nine hundred—odd pages, sections on an- 
cient Mesopotamia, India, the Arabic world, and the West, from antiq- 
uity until the Renaissance, and has contributions from scholars from 
the U.S., Canada, Great Britain, Austria, Germany, Italy, Belgium, Swit- 
zerland, Holland, India, and Japan.? It is impossible to classify him as a 
Sanskritist, a scholar of the culture of the Near East, or a Greek or 
Latin specialist. He was all of these, and much more. His merit was to 
see the whole canvas of the history of the science of the stars, spread 
out from the Western shores of Europe to the Eastern shores of India, 
and extending from the very beginnings of man’s interest in the stars to 
the early modern era. The story consisted of many episodes and fea- 
tured many characters, who spoke in several different languages, but in 
the end it was one story, and only David was able to tell it. 

David was born in New Haven on 2 January 1933, the son of Dan- 
iel Pingree, who was at the time in the economics department at Yale 
University. He had two brothers, and one sister eighteen years younger 
than he was. He had no vision in one eye and only partial vision in the 
other, so he had problems seeing more than two feet in front of him. 
Consequently, instead of participating in sports at school, he read assid- 
uously, supplementing the Latin and Greek he learnt at school with San- 
skrit, which he taught himself. After graduating from Phillips Academy, 
Andover, he entered Harvard, where he successively took a B.A. magna 
cum laude in Classics and Sanskrit (1954), and completed a Ph.D. with 
the title “Materials for the Study of the Transmission of Greek Astrol- 
ogy to India” (1960). His fellow students remember him fondly under 
the nickname of “Marble Head,” whose connotations embrace more 
than the village near Andover from which he came. A Fulbright schol- 
arship enabled him to study Greek manuscripts at the Vatican Library 


1] am grateful for information supplied by Isabelle Pingree, Masaaki Kubo, Wolfgang 
Hiibner, Stephan Heilen, and Michio Yano. 

2 Studies in the History of the Exact Sciences in Honour of David Pingree, ed. C. Burnett, 
J. P. Hogendijk, K. Plofker, and M. Yano (Leiden: Brill, 2004). This book includes a list of 
publications up to July 2003. 
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(1954—55), and a Ford Fellowship allowed him to spend a year doing 
the same in India (1957-58); these were sandwiched between fellow- 
ships at Dumbarton Oaks (1956-57 and 1959-60). His manuscript 
studies laid the foundations for his subsequent research, based on his 
own editions of the material, much of which he had uncovered himself. 
In 1963 he married Isabelle Sanchirico, who became his lifelong com- 
panion and helpmate, as well as establishing a reputation as a specialist 
in early bookbindings; their only child, Amanda, was born in October 
1965. In 1963 he was appointed assistant professor at the Oriental In- 
stitute in Chicago, where he established his firm links with Noel Swerd- 
low and Erica Reiner. He spent the academic year 1964-65 at the 
American University in Beirut, working with the indefatigable investi- 
gator of Arabic astronomy, Edward Kennedy. Then, in 1971, he joined 
the powerhouse of studies in the history of pre-modern astronomy: the 
Department of the History of Mathematics at Brown University in Prov- 
idence. Here, brought together in the old and dusty building of Wilbour 
Hall under the shadow of the University Library, were Otto Neugebauer 
(the founder of the whole enterprise) and Aby Sachs, soon to be joined 
by Gerald Toomer, who knew each affectionately by names such as the 
Elephant, the Owl, and the Home-Ox (homo oxoniensis). Pingree, in 
turn, was known as “Abu Kayd” (the father of the comet), since his 
name resembled that of the pioneer in research on cometology, Alexan- 
dre Guy Pingré (1711-1796). In 1981, in recognition of his contribu- 
tion to scholarship, he was awarded a prestigious MacArthur Fellow- 
ship, and from 1981 to 1986 he was the A. D. White Professor at Large 
at Cornell University. But Brown University remained his base for the 
rest of his life. He was attended by a succession of dogs, who accompa- 
nied him on his constitutional walk between his home and his office. 
This department acted as a beacon, attracting students and visiting 
scholars from throughout the world, who established links with Lon- 
don, Kyoto, Barcelona, Utrecht, and many other places. David built up 
his own library of books (some beautifully bound by Isabelle), micro- 
films, and copies of Sanskrit manuscripts written out by hand by Indian 
pundits. As the department gradually shrank due to the death or depar- 
ture of its members, David was welcomed into the Classics department 
of the university, where he continued to teach until the year of his death, 
and where, fortunately, a post in the history of ancient sciences and one 
in Sanskrit will continue to be occupied. 

David saw no sharp distinction between astronomy and astrology 
(or, for that matter, magic, in which astrology often played a significant 
part) and preferred to consider them together as part of the exact sci- 
ence of the ancients. He did not pursue a whiggish course of document- 
ing “discoveries” and the earliest instances of doctrines that became 
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part of modern universal science. Rather, he viewed each aspect of the 
science of the stars in respect to the community in which it arose and 
paid equal attention to the “important” and the run-of-the-mill doctrines 
in each context. He amassed shoeboxes full of horoscopes and tran- 
scribed texts at a rate that far outran the pace at which they could be 
published, just in order to get as full a picture as possible of the subject. 
His vast knowledge of detail was condensed—sometimes too drastically 
for readers used to a slower pace—in publications such as the biobibli- 
ographies of astrologers included in his edition of the Yavanajataka of 
Sphujidhvaja (1978), his history of mathematical astronomy in India in 
the supplement volume of the Dictionary of Scientific Biography (1978), 
astrology and astronomy in Iran in the Encyclopedia Iranica, and his 
account of astrology in The Dictionary of the History of Ideas (1973- 
74). A masterpiece of succinctness and comprehensiveness is his his- 
tory of astrology in From Astral Omens to Astrology, from Babylon to 
Bikanér (1997), originally delivered as a series of lectures in Rome, Bo- 
logna, and Venice. He wrote innumerable encyclopedia entries on astron- 
omers of the past, many of which are little monographs in themselves. 

His editions ranged from the Babylonian MUL.APIN (with Her- 
mann Hunger, 1989), and Babylonian Planetary Omens (with Erica 
Reiner, 1975-2005), through the Greek astrological texts of Dorotheus 
(Greek fragments, and an Arabic version of the full text, 1976), Heph- 
aestion (1973-74), Vettius Valens (1986), Gregory Chioniades (1985- 
86), and Arabic texts on astronomical tables (al-Hashimi, with Edward 
Kennedy, 1981), to Latin texts translated from Greek (Pseudo-Ptolemy, 
Praeceptum Canonis, 1997) and from Arabic (Picatrix, 1986, and Liber 
Aristotilis of Hugo of Santalla, with Charles Burnett, 1997). He con- 
ceded to Western scholars by providing English translations for San- 
skrit and Arabic texts but assumed that Greek and Latin were still part 
of an educated person’s accomplishments. In all cases his primary aim 
was to establish texts from all the manuscripts, and to provide com- 
plete word-indexes (the writer of this obituary remembers that he spent 
several weeks at the Warburg Institute, checking the index of his edi- 
tion of Vettius Valens, which required altering every single page and 
line number to accommodate the Teubner page layout; no academic task 
was too menial for him). 

His edition of Picatrix was his major contribution to the history of 
magic (sadly, his work on the related k. al-nawamis of Plato, known as 
the Liber vaccae in Latin, never reached completion). Even here, the In- 
dian element is present, for he recognized the Sanskrit words for the 
planets among the garbled lists of planetary names. This Latin text was 
compared word-for-word with the Arabic text, and included, in typical 
fashion, the extra or aberrant passages in all the extant manuscripts in 
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a series of sixty-five appendixes. It completed the aim of Aby Warburg 
in 1914 to make available the Arabic and Latin versions of the text, 
with a translation in a modern European vernacular. Pingree’s connec- 
tion with the Warburg Institute was close: he held a Saxl Visiting Pro- 
fessorship there and contributed several articles to the Institute’s jour- 
nal, including one in which he ventured into the field of art history, 
making some acute observations about the interpretation of Diirer’s 
Melancolia I (1981). 

David was unstinting in the help that he provided to other scholars. 
Not only did he collaborate fruitfully with many of them (as the joint 
editions mentioned above attest), but he also carefully read typescripts 
before they were sent to the press, and made invaluable comments in 
his economic but minuscule handwriting. Above all, he wished to pre- 
serve for posterity the scientific products of the past, by making known 
the contents of Sanskrit manuscripts (Census of the Exact Sciences in 
Sanskrit, [1970-94], the Jyotisa MSS in the Library of the Wellcome In- 
stitute [London, 2004], and the establishment of the American Com- 
mittee for South Asian Manuscripts, dedicated to cataloguing the man- 
uscripts and texts in North American collections), and by ensuring that 
copies of these manuscripts were made. 

David’s papers (which include several editions of texts in many lan- 
guages) and his reproductions of manuscripts will become available for 
future scholars by being deposited with the American Philosophical So- 
ciety. His teaching and inspiration will live on in a legacy that encom- 
passes several continents. 
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Hellenophilia versus the History 
of Science 


By David Pingreet 


HE GENESIS OF THIS PAPER lies in a conversation that I had with A. I. 
Sabra of Harvard on the perennial problem of the definition of science 
appropriate to a historian of science; its corruption (including the deliberately 
extreme mode of its expression) is entirely a result of my own labors. For the 
piece represents the attitudes toward the subject that I have developed over some 
three and a half decades of studying the history of the “exact” sciences (as I will 
persist in calling them despite the lack of exactitude in some of them), as prac- 
ticed in ancient Mesopotamia, in ancient and medieval Greece, India, and the 
Latin-speaking West, and in medieval Islam. It is this experience, then, and the 
desire to reconstruct a complex history as accurately as possible, that motivates 
me—these two, and the wish to provide an apologia for my claim to be a historian 
of science rather than of quackery. For the sciences I study are those related to 
the stars, and they include not only various astronomies and the different math- 
ematical theories they employ, but also astral omens, astrology, magic, medicine, 
and law (dharmaSsastra). All of these subjects, I would argue, were or are sci- 
ences within the contexts of the cultures in which they once flourished or now are 
practiced. As such they deserve to be studied by historians of science with as 
serious and thorough a purpose as are the topics that we usually find discussed in 
history of science classrooms or in the pages of Isis. This means that their intel- 
lectual content must be probed deeply, and not simply dismissed as rubbish or 
interpreted in the light of modern historical mythology; and that the intellectual 
content must be related to the culture that produced and nourished each, and to 
the social context within which each arose and developed. 
In stating these opinions I may appear to have set myself up as a relativist, but 
I would deny the applicability of that epithet to my position since my interest lies 
not in judging the truth or falsehood of these or any other sciences, nor in dis- 
covering in them some part that might be useful or relevant to the present world, 
but simply in understanding how, why, where, and when they worked as func- 
tioning systems of thought and interacted with each other and with other systems 
of thought. 
It is with these considerations in mind, then, that I have embraced the word 
employed in the title of this article, “Hellenophilia,” as it is a most convenient 
description of a set of attitudes that I perceive to be of increasing prevalence 
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within the profession of the history of science, and which I believe to be thor- 
oughly pernicious. I like “Hellenophilia” as a word because it brings to mind 
such other terms as “necrophilia,” a barbaric excess that erupts as a disease from 
the passionate rather than from the rational soul; whereas the true love of the 
Greeks, Philhellenism, though also an attribute of barbarians such as are we—the 
epithet “Philhellene” was proudly borne by ancient Parthians, Semites, and Ro- 
mans—arises preeminently from well-deserved admiration. A Philhellene is one 
who shares in what used to be, when children in the West still were taught the 
classics, a virtually universal awe of Greek literature, art, philosophy, and sci- 
ence; a Hellenophile suffers from a form of madness that blinds him or her to 
historical truth and creates in the imagination the idea that one of several false 
propositions is true. The first of these is that the Greeks invented science; the 
second is that they discovered a way to truth, the scientific method, that we are 
now successfully following; the third is that the only real sciences are those that 
began in Greece; and the fourth (and last?) is that the true definition of science is 
just that which scientists happen to be doing now, following a method or methods 
adumbrated by the Greeks, but never fully understood or utilized by them. 

Hellenophiles, it might be observed, are overwhelmingly Westerners, display- 
ing the cultural myopia common in all cultures of the world but, as well, the 
arrogance that characterized the medieval Christian’s recognition of his own in- 
fallibility and that has now been inherited by our modern priests of science. 
Intellectually these Western Hellenophiles are still living in the miasma that per- 
meated Europe until the nineteenth century, before the discovery of Sanskrit and 
the cracking of cuneiform destroyed such ethnocentric rubbish; such persons 
have simply not been exposed to the knowledge they would need to arrive at a 
more balanced judgment. But, sadly, I must report that many non-Westerners 
have caught a form of the disease Hellenophilia; they are deluded into believing 
that the greatest glory an Indian, a Chinese, an Arab, or an African scientist can 
have acquired is that gained by having anticipated either a Greek or a modern 
Westerner. So some Indians, for instance, busily reinterpret their divinely in- 
spired Rgveda so that it teaches such modern hypothetical theories as that of 
relativity or the latest attempt to explain black holes, as if these transitory ideas 
were eternal complete truths. In doing this they are behaving as did those Chris- 
tians who once believed it important to demonstrate that Genesis agrees with 
Greek science. These attempts do not enhance the brilliance of the authors or the 
reinterpreters of their sacred or scientific texts, but rather reveal a severe sense 
of cultural inferiority. 

Parallel to this form of cultural denigration, practiced by the culture itself or by 
historians of science, is, say, the false claim that medieval Islam only preserved 
Greek science and transmitted it as Muslims had received it to the eager West. In 
fact Arab scientists, using Indian, Iranian, and Syrian sources as well as their 
own genius, revised the Greek sciences, transforming them into the Islamic sci- 
ences that, historically, served as the main basis for what little science there was 
in Western Europe in the twelfth and following centuries and for the amazing 
developments that happened three and four centuries later in Italy and Central 
Europe. 

Another form that this Western arrogance takes is the naive assumption that 
other peoples in the world not only should be like us, but actually are or were— 
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“were” because this particular fallacy usually affects those who study Stone Age 
and other preliterate cultures that have been left defenseless in the face of mod- 
ern reconstructions of their thoughts by their inability to record them in perma- 
nent form. In the history of the exact sciences the scholars who perpetrate wild 
theories of prehistoric science call themselves archaeoastronomers. The basic 
premise of some archaeoastronomers is that megalithic and other cultures in 
which writing was not known built stone monuments, some quite massive, in 
order to record their insights into the periodicity of celestial motions. This seems 
to me a trivial purpose to motivate such monumental communal efforts as the 
building of Stonehenge or the pyramids. There are many strong arguments to be 
raised against many of these interpretations. At this point, however, I wish only 
to point out that they go against the strong evidence from early literate societies 
that early man had little interest in the stars before the end of the third millen- 
nium B.C.; the cataloguing of stars and the recording of stellar and planetary 
phenomena are not a natural, but a learned activity that needs a motivation such 
as that which inspired the Babylonians, who believed that the gods send mes- 
sages to mankind through the celestial bodies. The realization that some of these 
ominous phenomena are periodic can be dated securely in Mesopotamia to a time 
no earlier than the late second millennium B.c.; mathematical control of the re- 
lation between solar and lunar motion came only in about 500 B.c. The Egyptians 
also first began using selected stars as a sort of crude clock only in about 2000 
B.C. and progressed no further in mathematical astronomy till they came under 
Babylonian influence. The earliest traces of a knowledge of astronomy in Greece 
and India seem also to be derived, in the early first millennium B.c., from Mes- 
opotamia. I cannot speak of the astronomy of the early Chinese with authority 
because I am ignorant of their language, but I gather from what I have read that 
not even the beginnings of the system of the hsiu or lunar lodges can be dated 
before the late second millennium B.c. From the written evidence, then, it ap- 
pears that an interest in the stars as omens arose in Mesopotamia after 2000 B.c. 
and started to develop toward mathematical astronomy in about 1200 B.c., but 
that the Babylonians began to invent mathematical models useful for the predic- 
tion of celestial phenomena with some degree of accuracy only in about 500 B.c. 
From Mesopotamia these astronomical ideas rapidly radiated to Egypt, later to 
Greece and India, and finally, perhaps, to China; in each of these cultures they 
were molded by the recipient scientists into something new, though still having 
recognizable Mesopotamian origins. The astral sciences spread from one civili- 
zation to another like a highly infectious disease. It is within the context of this 
documented history that I find implausible the suggestion that less advanced 
civilizations, without any known systems of writing or accurate record keeping, 
independently discovered complex lunar theories, or precession, or even an ac- 
curate intercalation cycle. The example of the Babylonians, with their need for a 
specific motive for observing stars and the fact that it took them a millennium and 
a half to arrive at a workable mathematical astronomy, and the examples of the 
Egyptians, Greeks, and Indians, if not the Chinese, who initially borrowed their 
astronomies from the Babylonians before each developed its science in its own 
way, seem to me to invalidate the theoretical basis for much of archaeoastron- 
omy. 

I return now to the four variants of Hellenophilia that I mentioned earlier. 
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Each, I would claim, distorts the history of science in two ways: passively, it 
limits the phenomena that the historian is willing or able to examine; actively, it 
perverts understanding both of Western sciences, from the Greeks till now, and 
of non-Western sciences. Thus those who still believe that the Greeks invented 
science either are altogether ignorant of, say, Babylonian mathematics and as- 
tronomy or else, though aware of them, fall into my second category and refuse 
to recognize them as sciences. The ignorance of the first group, of course, can 
and should be remedied through education; the obstinacy of the second in not 
acknowledging that Old Babylonian investigations of irrational numbers like V2, 
of arithmetical and geometrical series, or of Pythagorean triplets are science even 
though they are mathematically correct, or in asserting that the arithmetical 
schemes that they successfully used to control the many variables involved in the 
prediction of the time of the first visibility of the lunar crescent cannot bear the 
august name of scientia even though the predictions were essentially correct— 
this obstinacy is hard to deal with. It leaves the obstinate, however, in the awk- 
ward position of denying the status of science to one of the main contributors to 
the Greek astronomy that is the forebear of our positional astronomy. Such a 
person, of course, can name an arbitrary date at which positional astronomy 
comes to fit into his or her definition of science; but this cannot be accepted by a 
historian, as it is the historian’s task to seek out the origins of the ideas that he or 
she is dealing with, and these manifestly lie, for astronomy, in the wedges im- 
pressed on clay tablets as well as in the observed motions of the celestial bodies. 
It is certainly possible to be a modern scientist without knowing history, or even 
with a firm belief in historical mythology; but can a historian of science function 
effectively under such disabilities? 

While ignorance of Babylonian astronomy destroys the historian’s ability to 
understand the origins and development of Greek and other astronomies together 
with their more modern descendants, it also tempts him or her to imagine that 
there is no other way to do astronomy than through the Greek and modern way of 
making observations and building geometric models. But Babylonian astronomy 
reveals how few observations are needed and how imprecise they may be if the 
astronomers are clever enough; and it also demonstrates that simple arithmetical 
models suffice for predicting the times and longitudes of periodic celestial phe- 
nomena. The Babylonian solutions are brilliant applications of mathematical 
structures to rather crude data, made purely to provide the possibility of predic- 
tion without any concern for theories of cosmological structure or celestial me- 
chanics. The Greeks added the concern both for the geometrical structure of the 
universe and for the cinematics of the heavens, with a strong prejudice in favor of 
circles or spheres rotating with uniform motion; but they also, to a large extent, 
simply expressed the Babylonian period relations and arithmetical zigzag and 
step functions in a geometrical language, using observations to modify Babylo- 
nian parameters and to fine-tune their own geometrical models. A third variety of 
astronomy emerged from the synthesis of Babylonian arithmetical models, Hel- 
lenistic geometrical models, and local mathematical traditions that occurred in 
India in the fifth century A.D. In this astronomy questions of celestial cinematics 
receded into trivial mechanisms while computational finesse harnessed a broad 
range of mathematical techniques to the solution of astronomical problems, with 
the role of observations being limited to the confirmation, if possible, of accepted 
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theory. There were historically many more astronomies, manifesting a variety of 
ways in which the same phenomena might be made predictable by mathematical 
means. These different astronomies reflect the different intellectual traditions of 
the various cultures as well as the specific problems that each society wished its 
astronomers to address—for example, the Babylonians were interested in certain 
horizon phenomena that they regarded as omens; the Greeks brought philosoph- 
ical and physical problems into a science that had been purely mathematical, and 
as well introduced the more social aim of casting horoscopes; and the Indians 
devoted their efforts to the purely pragmatic goals of casting horoscopes, of pre- 
dicting eclipses because of their significance as omens, and of evolving and reg- 
ulating an extraordinarily complex calendar. I believe that those historians who 
limit themselves to the study of only one of these approaches to mathematical 
astronomy will blunder, as indeed many have, by not fully understanding the 
range of possibilities or the shaping force of purely cultural factors on the course 
that any science takes. 

If it is evident that for a historian the proposition that the Greeks invented 
science must be rejected, it necessarily follows that they did not discover a 
unique scientific method. Indeed, they—and we—have not one, but many scien- 
tific methods; biologists, physicists, and astronomers went, and go, their separate 
methodological ways. I choose, therefore, to focus on the pride of Greek science: 
Euclidean geometry—which, of course, is purely logical and nonexperimental. 
This is often and justly praised for the rigor and power of its axiomatic system 
and for its ability to offer logical deductive proofs. Indeed, Babylonian and Indian 
mathematics are frequently criticized for relying not on proofs but on demonstra- 
tions. But without axioms and without proofs Indian mathematicians solved in- 
determinate equations of the second degree and discovered the infinite power 
series for trigonometrical functions centuries before European mathematicians 
independently reached similar results. These achievements amply demonstrate, I 
believe, that the Euclidean approach is not necessary for discovery in mathemat- 
ics. Those who deny the validity of alternative scientific methods must somehow 
explain how equivalent scientific “truths” can be arrived at without Greek meth- 
ods. And in their denial they clearly deprive themselves of an opportunity to 
understand science more deeply. 

To depart briefly from the exact sciences, I would like to draw attention to the 
fascinating work of Francis Zimmermann on dyurveda, the Indian science of 
longevity, as it was and is currently practiced in Kerala. While he strongly sup- 
ports the idea of the historical dependence of dyurveda on the Galenic theory of 
humors, Zimmermann is also keenly aware of the many ways in which Indian 
vaidyas have altered foreign notions while incorporating them into their own 
cultural traditions to create a theory of harmony and mutual influence between 
the humans, animals, and plants inhabiting any region and that region’s terrain 
and climate. In Kerala these “ecological” ideas produced a local interpretation of 
ayurvedic doctrine that, it would appear, maintained a generally healthy human 
population, at least to that population’s satisfaction, as long as the people were 
not subjected to wars, famines, or epidemics. The dyurvedic approach to medi- 
cine does not inspire its practitioners to make discoveries in molecular biology, 
but it is the correct medical science for the cultural context within which it op- 
erates. And it attempts to address psychological, social, and environmental as- 
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pects of health that our mechanistic medicine tends to ignore. Western doctors 
have something to learn about medical care from dyurveda, and so do Western 
historians of medicine. 

The third fallacious opinion that I have associated with the Hellenophiles is 
that the only sciences are those that accredited Greeks recognized as such. This 
opinion generally takes the form of allowing Aristotle to define science for us, so 
that it excludes even the genuinely Greek sciences of astrology, divination, 
magic, and other so-called superstitions. This brings us squarely to the funda- 
mental question of this paper: What is the proper definition of science for a 
historian of science? I would offer this as the simplest, broadest, and most useful: 
science is a systematic explanation of perceived or imaginary phenomena, or else 
is based on such an explanation. Mathematics finds a place in science only as one 
of the symbolical languages in which scientific explanations may be expressed. 
This definition deliberately fails to distinguish between true and false science, for 
explanations of phenomena are never complete and can never be proved to be 
“true.” Obviously, this shortfall is as true of modern scientific hypotheses as of 
ancient ones. It is, therefore, inappropriate to apply a standard of truthfulness to 
the sciences, at least viewed as historical phenomena, for the best that modern 
scientists can claim—I cannot judge whether justly or not—is that they are closer 
to some truth than were their predecessors; nor, for the reasons I have already 
stated, can the methodologies of science be limited to just those employed by 
present-day scientists. 

If my definition of science as it must be viewed by a historian is accepted, it is 
easy to show that astrology and certain “learned” forms of divination, magic, 
alchemy, and so on are “sciences.” Some may regard this procedure for elevating 
superstition to the rank of scientific theory as arbitrary and unfair, but remember 
that modern science is the initial culprit in that it arbitrarily sets up its own 
criteria by which it judges itself and all others. If I am a relativist, then, it is 
precisely at this point where, as a historian, I refuse to allow modern scientists 
who know little of history to define for me the bounds of what in the past—or in 
the present—I am allowed to consider to be science. It pains me to hear some 
scientists, who have not seriously considered the subject, denounce astrology as 
“unscientific” when all that they mean is that it does not agree with their ideas 
about the way the universe functions and does not adhere to their concept of a 
correct methodology. It pains me not because I believe that astrology is true; on 
the contrary, I believe it to be totally false. But the anathemas hurled at it by 
some scientists remind me more of the anathemas leveled by the medieval 
Church against those who disagreed with its dogmas than of rational argument. In 
its persecution of heretics as in its missionary zeal and its tendency to sermonize 
and to pontificate, our scientific establishment displays marked similarities to the 
Church, whose place in our society it has largely usurped. 

That Church, like modern science, condemned divination, astrology, and 
magic, though on the grounds that they limit God’s power and human free will 
rather than that they fail to conform to our current “laws of nature.” Both of 
these arguments, to my way of thinking, are arbitrary and irrelevant to a histo- 
rian, who should remain free of either the Church’s or modern science’s theol- 
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To turn to history: Babylonian divination is a systematic explanation of phe- 
nomena based on the theory that certain of them are signs sent by the gods to 
warn those expert in their interpretation of future events; there is no causal 
connection, but only one of prediction so that appropriate countermeasures may 
be undertaken. In this system the stars and the planets, which are regarded as the 
manifestations of the individual gods in the sky, indicate by their changes in 
quality and in location the events that will befall mankind at large, or a country in 
general, or a specific king and his family. Omens that appear on earth are con- 
trived by Sama8, the god of the sun, to warn individual men of the coming of 
good or evil. In themselves, texts describing the rules of the interpretation of 
omens—Enuma Anu Enlil for celestial omens and Summa 4lu for terrestrial 
ones—are scientific; they provide systematic explanations of phenomena. The 
former is in addition closely allied to the origins of mathematical astronomy, for 
the tablets of Eniima Anu Enlil contain the first recorded realization of the peri- 
odicity of certain celestial phenomena and the first attempts to provide mathe- 
matical models for predicting the occurrences of such phenomena. This close 
linkage between divination and mathematical astronomy, as well as a linkage 
between divination and the observations necessary for constructing and refining 
mathematical astronomy, persisted in the first millennium B.c. in the cuneiform 
Letters, Reports, and Diaries. Moreover, as the mathematical models became 
more sophisticated and the descriptions of the observed phenomena became 
more precise, the rules for predicting terrestrial events from the celestial phe- 
nomena became more complex. Babylonia, then, provides us our first example of 
the fruitful interplay between the theoretical and the applied aspects of a science. 

Astrology grew out of a union of aspects of advanced Babylonian celestial 
divination with Aristotelian physics and Hellenistic astronomy; this union—il- 
licit, some may think—occurred in Egypt in the second century B.c. The product 
was the supreme attempt made in antiquity to create in a rigorous form a causal 
model of the kosmos, one in which the eternally repeating rotations of the celes- 
tial bodies, together with their varying but periodically recurring interrelation- 
ships, produce all changes in the sublunar world of the four elements that, 
whether primary, secondary, or tertiary effects, constitute the generation and 
decay of material bodies and the modifications of the parts or functions of the 
rational and irrational souls of men, animals, and plants. In other words, ancient 
Greek astrology in its strictest interpretation was the most comprehensive scien- 
tific theory of antiquity, providing through the application of the mathematical 
models appropriate to it predictions of all changes that take place in a world of 
cause and effect; it is not surprising, then, that it was called simply mathésis or 
“science” by Firmicus Maternus and others. 

But even within Greek astrology there was a movement toward a relaxation of 
the rigidity of the theory, both because of the frequent failure of the predictions 
and, more important, because of people’s desire to circumvent unpleasant pre- 
dictions—a practical rather than a theological demand for a modicum of free 
choice and self-determination. This trend toward an astrology that indicates pre- 
dispositions instead of concrete inevitabilities was accentuated when the Greek 
form of this science was transmitted to India and transformed into a system that 
rapidly increased the complexity of the mathematical models in order to diffuse 
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and mollify the inescapability of a simpler predictive scheme. The Indians at- 
tempted to match the bewildering variousness of real lives by an equally bewil- 
dering multiplicity of mathematically computable variants in astrology. 

If Greek astrology is based on the idea that the motions and interrelations of 
the celestial spheres are ultimately the causes of all terrestrial phenomena, astral 
magic, which was concocted out of Babylonian and Indian liturgies and iconog- 
raphies mingled with Greek astrology, Ptolemaic astronomy, and Hellenistic phi- 
losophy by the self-styled Sabaeans of Harrdan in the ninth century, assumes that 
the magus’s soul is free of inhibiting stellar influences, so that, by manipulating 
terrestrial objects, he can reverse the processes of astrology and change the wills 
of the planetary spirits. In this way the magus can employ the astral influences 
defined by astrology to effect the changes he wishes in the sublunar world. This 
was a dream still dreamt by two founding members of the Royal Society, Kenelm 
Digby and Elias Ashmole. 

These same Sabaeans invented also a second type of learned magic based on 
Plato’s and Aristotle’s theories of animal and human souls. In this magic, which 
I have dubbed psychic, the magus artificially creates new animals by uniting 
either within a womb or within a womblike chamber animal or human parts 
representing the material body and the particular part or function of the soul that 
he wishes his creation to be endowed with. The magus can then employ his 
artificial animal to accomplish wonders. Astral and psychic magic we may not 
wish to test in order to determine their validity, but as historians we must regard 
them as scientific, if for no other reason than because many Western scientists in 
the sixteenth and seventeenth centuries took them to be genuine sciences. And, 
of course, they do fall under the aegis of my definition of science. 

The same status must be accorded, then, to alchemy—be it Greek, Arabic, 
Chinese, or Indian—and to other systematic theories that explain phenomena, 
whether the lapidaries and physiognomics that spread from Mesopotamia to 
Greece, to Iran, and to India, or the science of determining sites suitable for 
different types of buildings—a science found in different forms in China and in 
India—or the purely Indian analysis of the processes of converting thought into 
sound in order to produce intelligible speech. These and other sciences cannot be 
dismissed simply because they do not fall into the intellectual system favored by 
some Greek philosophers. 

I have already, if I have been at all successful, persuaded you that the fourth 
variety of Hellenophilia, in which one defines science as that which modern 
Western scientists believe in and the methodologies with which they operate, is 
inappropriate to a historian, though it may be useful to a modern Western scien- 
tist. And I have already mentioned that among the advantages provided to the 
historian by looking outside of the confines of such a restricted definition are a 
realization of the potential diversity of interpretations of phenomena and of the 
actual diversity of the origins of the ideas that have developed into modern West- 
ern science among other sciences, and an objectivity born of an understanding of 
the cultural factors that impel sciences and scientists to follow one path rather 
than another. The loss of all these advantages is the price paid for suffering the 
passive effects of this form of Hellenophilia. 

Its active form is more pervasive in and pernicious to history. This results in 
the attitude that it is the task of the historian not to study the whole of a science 
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within its cultural context, but to attempt to discover within the science elements 
similar to elements of modern Western science. One example I can give you 
relates to the Indian Madhava’s demonstration, in about 1400 A.D., of the infinite 
power series of trigonometrical functions using geometrical and algebraic argu- 
ments. When this was first described in English by Charles Whish, in the 1830s, 
it was heralded as the Indians’ discovery of the calculus. This claim and Madha- 
va’s achievements were ignored by Western historians, presumably at first be- 
cause they could not admit that an Indian discovered the calculus, but later 
because no one read anymore the Transactions of the Royal Asiatic Society, in 
which Whish’s article was published. The matter resurfaced in the 1950s, and 
now we have the Sanskrit texts properly edited, and we understand the clever 
way that Madhava derived the series without the calculus; but many historians 
still find it impossible to conceive of the problem and its solution in terms of 
anything other than the calculus and proclaim that the calculus is what Madhava 
found. In this case the elegance and brilliance of Madhava’s mathematics are 
being distorted as they are buried under the current mathematical solution to a 
problem to which he discovered an alternate and powerful solution. 

Other examples of this dangerous tendency abound. For instance, since the 
1850s historians ignorant of Madhava’s work have argued about whether Indian 
astronomers had the concept of the infinitesimal calculus on the basis of their use 
of the equivalent of the cosine function in a formula for finding the instantaneous 
velocity of the moon, a formula that occurs already in a sixth-century Sanskrit 
text, the Paricasiddhantika. I cannot tell you how that formula was derived, since 
its author, Varahamihira, has not told me; but I find it totally implausible that 
some Indian discovered the calculus—a discovery for which previous develop- 
ments in Indian mathematics would not at all have prepared him—applied his 
discovery only to the problem of the instantaneous velocity of the moon, and 
then threw it away. The idea that he might have discovered the calculus arises 
only from the Hellenophilic attitude that what is valuable in the past is what we 
have in the present; this attitude makes historians become treasure hunters seek- 
ing pearls in the dung heap without any concern for where the oysters live and 
how they manufacture gems. 

One particularly dangerous form of this aspect of Hellenophilia is the positivist 
position that is confident that mathematical logic provides the correct answers to 
questions in the history of the exact sciences. I, of course, am not denying the 
power of mathematics to provide insights into the character and structure of 
scientific theories; obviously, Otto Neugebauer’s brilliant analysis of the astro- 
nomical tables written in cuneiform during the Seleucid period gives us a pro- 
found understanding of how this astronomy worked mathematically, and it tells 
us something about some stages in the development of the science as recorded on 
the hundreds of tablets that he investigated. But it does not and cannot, as Neu- 
gebauer well knew, answer a whole range of historical questions. We do not 
know by whom, when, or where any Babylonian lunar or planetary theory was 
invented; we do not know what observations were used, or where and why they 
were recorded; we do not know much about the stages by which Babylonian 
astronomers went from the crude planetary periods, derived from omen texts, 
found in MUL.APIN to the full-scale ephemerides of the last few centuries B.c. 
Historians need to be very careful in assessing the nature of the questions the 
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material at hand will allow them to answer with a reasonable expectation of 
probability; and they must hope for and search out new evidence. But the posi- 
tivists jump in to claim that mathematical models (and they usually use quite 
simple ones) suffice to describe the idiosyncratic behavior of people and to ac- 
count for the perverse quirks in their personalities. I will not here name names, 
but the number of historians of the exact sciences who suffer from this malady is 
appallingly large; they can be easily recognized by the characteristic trait that, in 
general, the remoter the time and the scantier the evidence, the more precise 
their computations. Millennia of history are made to depend on the measurement 
of an arc of a few minutes or degrees when it has not even been convincingly 
demonstrated that any arc was being measured at all. 

So far I have been attempting to discredit Hellenophilia on the grounds that it 
renders those affected by it unable to imagine many significant questions that 
legitimately should be addressed by historians of science and that it perverts their 
judgment. Much of my argument has been based on the anthropological percep- 
tion that science is not the apprehension of an external set of truths that mankind 
is progressively acquiring a greater knowledge of, but that rather the sciences are 
the products of human culture. But this viewpoint must be modified by a further 
consideration, to which I have from time to time alluded since it strengthens the 
arguments in favor of the definition of science that I proposed. This consideration 
is that, as a simple historical fact, scientific ideas have been transmitted for mil- 
lennia from culture to culture, and transformed by each recipient culture into 
something new. This is particularly noticeable in the astral sciences that I study— 
astronomy, astral omens, astrology, and astral magic—but can be readily dis- 
cerned in many others. The taproot and trunk of the tree of the astral sciences are 
buried in the Mesopotamian desert, with subsidiary roots in Egypt and China (I 
have lopped the Mayas off this arboreal image, as they are self-rooted). From 
Babylonia the tree branched out to Egypt, to Greece, to Syria, to Iran, to India, 
and to China; grafted onto different cultural stocks in each of these civilizations, 
it developed variant leaves, shoots, and flowers. The process of the intertwining 
of these diverse varieties of astronomies throughout Eurasia and North Africa 
was amazingly complex, as ideas, mathematical models, parameters, and instru- 
ments circulated rapidly over the vast expanse of divergent traditions. Out of this 
process modern Western astronomy sprang from a rather late branch that grew 
from and was fed by an incredibly complicated undergrowth. For very complex 
reasons this modern Western astronomy has choked off all of its rivals and de- 
stroyed the intellectual diversity that mankind enjoyed before it moved from 
simple communication to Western domination. We cannot know what the Is- 
lamic, Indian, or Chinese astral sciences might have become had this not hap- 
pened, except that they would not have become what our culture has produced. 
But unraveling the intertwined webbing of these sciences is a fascinating and a 
rewarding task for a historian, and one in which much remains to be done. I 
strongly recommend to those of you who have the opportunity thus to broaden 
your perspectives to grasp it. 
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Astrology 


Astrology is the theory that the planets, the Sun and 
the Moon, as well as the 12 ‘zodiacal signs’, combine in 
various, ever-changing configurations with respect to each 
other and the local horizon to influence ‘sublunar’ events. 

In astrology, as in classical astronomy before the 
acceptance of the Copernican hypothesis, it was assumed 
that the Earth was positioned in the center of a finite 
universe, and that the Earth’s center was the center of the 
spheres of the celestial bodies—in upward order from the 
Earth, the Moon, Mercury, Venus, the Sun, Mars, Jupiter, 
Saturn, the ‘fixed’ stars, the ecliptic and, often, the ‘prime 
mover’. The motion of these 10 spheres was, according 
to ARISTOTLE, Circular and uniform in accordance with the 
nature of the element, ether, of which they consisted. The 
motions of the four elements that constitute the sublunar 
world were linear with respect to the center of the Earth, 
the elements earth and water moving ‘down’ towards the 
center, and the elements air and fire moving ‘up’ away 
from the center. The circular motions of the celestial 
spheres disturb the linear motions of the four sublunar 
elements, thereby causing change in and on the Earth 
and in the surrounding layers of water, air and fire. 
The resulting combinations of elements form the basic 
materials out of which terrestrial and atmospheric bodies 
are shaped, which are then continuously further affected 
by the motions of the celestial bodies and by subsidiary 
interactions of sublunar bodies. Thus the UNIVERSE is a 


vast but finite machine powered by the natural motions 
of its five constituent elements, among which the ETHER 
with its regular circular motion has the major effect, and 
astrology is the science that investigates the operations of 
this universal machine. 


Celestial omens 

In ancient Mesopotamia and in the many cultures 
influenced by it many celestial phenomena—eclipses, 
conjunctions of the Moon and the planets with each other 
and with the stars, a large number of phenomena due to 
the distortion of light as it passes through the atmosphere, 
and other appearances—were regarded as messages sent 
by the gods to warn the rulers of men or collective 
groups of men of impending disaster or good fortune. 
The interpretation of these celestial omens was also a 
science by which men of great learning strove to provide 
useful advice to kings and other government officials. 
The experience of these learned readers of omens led to 
the recognition of the periodic behavior of the Sun, the 
Moon and the planets, and ultimately to the development 
of mathematical methods of predicting the phenomena 
themselves (which, because of their predictability, should 
then have been, but were not, no longer regarded as 
messages sent by angry or well-pleased gods). It also led 
to the development of some techniques of interpretation 
of celestial omens that were carried over into astrology, 
including that of predicting the fate of a person from the 
positions of the planets at his or her birth or computed 
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conception. In practice, these protohoroscopes of the last 
four centuries BC were not a part of astrology since the 
phenomena were ominous rather than effective and since 
the elaborate geometry used in astrology was not a factor 
in their interpretation. 


The thema or horoscope 


The basic tool used to interpret the influences of the 
celestial bodies at any given moment—say, that of a 
native’s birth—was the diagram called the thema or 
horoscope. This diagram represents the EcuirTic, divided 
into 12 zodiacal signs of 30° each, as a circle or a 
quadrilateral with the four cardinal points marked on it— 
the ascendant on the eastern horizon, the descendant on 
the western horizon, the midheaven to the south at a point 
computed by using the local oblique ascensions, and the 
antimidheaven 180° opposite it to the north. Between and 
at these cardinal points are located the cusps of the 12 
astrological places. The zodiacal signs are divided into 
various subdivisions: decans of 10° each, twelfths of 2°30’ 
each, and terms of varying length, usually five toa zodiacal 
sign. The longitudes of the planets are noted in the thema, 
which locations reveal their configurations (aspects) with 
each other—conjunction, sextile (to 60°), quartile (to 90°), 
trine (to 120°) and opposition (to 180°)—which may be 
computed by various mathematical formulae so as to 
be measured in oblique or right ascensions or so as to 
accommodate the planets’ latitudes. Moreover, various 
lots (defined as the distance between two real or imaginary 
celestial bodies measured off from a third) and the 
prorogator (computed in various ways) are noted on the 
thema, as may also be such fixed points as the exaltations 
(points of maximum effectiveness) of the planets and the 
four triplicities (Aries, Leo, Sagittarius; Taurus, Virgo, 
Capricorn; Gemini, Libra, Aquarius; Cancer, Scorpion, 
Pisces). 


Domains of influence 


Each zodiacal sign is classified according to numerous 
categories: masculine-feminine; odd-even; animal- 
human; village—forest; etc. Moreover, there are zodiacal 
melothesias, assigning different parts of the human body 
to the zodiacal signs; topothesias, doing the same with 
types of terrain on the surface of the Earth; lists of the 
animals, the professions, the metals, the jewels, the colors, 
etc of the zodiacal signs. Each of the signs has especial 
influence over the categories assigned to it. The triplicities, 
being four in number, are each associated with a cardinal 
direction and an element. 

The 12 astrological places each have dominion over a 
certain aspect of the native’s life (bodily form; inherited 
wealth; siblings; parents; children; illnesses; marriage; 
manner of death; travels; profession; gain; loss) or of 
an enterprise undertaken. They are influential in their 
domains in accordance with the zodiacal signs they 
overlap and the presence within them or aspects to them 
of the planets and the lots. 
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The seven planets also (nine in India, where the 
ascending and descending nodes of the Moon are 
included) have each their own domains among physical 
types of humans and animals as well as psychological 
types, and each is related to types of terrain, of animals, of 
plants, of minerals, etc, and to an element and its humors 
(fire-hot and dry; water—-cold and humid; air—hot and 
humid; earth-cold and dry). They are also classified as 
male or female, and as benefic, malefic or neuter. As the 
seven planets revolve through the zodiacal signs, and they 
in turn revolve about the stationary Earth, the influences 
they project into the sublunar sphere are constantly 
changing, creating ever-new events and transformations 
on Earth. These can, according to astrological theory, all 
be predicted on the assumption (alleged to possess some 
empirical foundations) that the accepted domains of the 
celestial bodies’ influences are indeed correct. Historically, 
the system did not remain static; it was simply not complex 
enough to differentiate between the apparently limitless 
variations of human experience. In order to accommodate 
these variations, astrologers—especially those of India 
and Islam, who were duly followed in medieval Europe 
and in Byzantium—devised many more subdivisions of 
zodiacal signs in order to multiply the potential number 
of the effects of a planet, invented elaborate methods for 
assigning a numerical weight to the influence of each 
planet and expanded the number of effective bodies by 
introducing new lots. 


Types of astrology 

The paradigmatic type of astrology is genethlialogy, the 
science of interpreting the themata of nativities or of 
computed times of conception, probably invented in the 
1st century BC in Ptolemaic Egypt. Such predictions can 
be and were also applied to animals and even plants. 
Although in theory the predictions are unique for each 
moment at a given locality, many astrologers wisely 
advised neophytes to learn something about the social and 
economic status of the native’s family before attempting to 
describe his or her future life. A branch of genethlialogy 
is continuous horoscopy, which allows for a life-long 
usefulness of the astrologer. Since the planets and the 
ecliptic do not cease their revolutions, one can find their 
changing influence on the original life-pattern determined 
from the birth horoscope by casting a new horoscope for 
every anniversary of the birth, or for the beginning of 
every month or even day of the native’s life, and one 
can also compute the time when each planet transits to 
another zodiacal sign or astrological place, thereby altering 
its effects, and one can watch the imaginary motion, in 
oblique ascensions, of the prorogator through different 
planets’ terms and past different planets’ bodies and 
aspects. 

Catarchic astrology, invented simultaneously with 
the genethlialogical version, allows one to predict the 
course of some human undertaking from the horoscope 
of the moment of its inception. There are two major 
subdivisions of catarchic astrology, relating to marriage 
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and to warfare. Some aspects of medical astrology are also 
catarchic, although other aspects depend on genethlialogy. 

These two basic forms of astrology were transmitted 
from Greco-Roman Egypt to India in the 2nd century 
AD. In India interogational astrology was developed from 
catarchic astrology. In this form the astrologer answers 
specific questions posed by his client on the basis of 
the thema of the moment the question was asked. This 
clearly raises serious questions about the general theory 
of astrology; for either the client is exercising free will in 
determining when he or she will ask the question, so that 
there ceases to be a purely physical connection between 
the celestial bodies and the terrestrial event, or else his or 
her choice is determined by the stars and therefore could, 
in theory, be predicted by astrology and answered without 
recourse to a new thema. 

These three types of astrology were transmitted from 
India to Sasanian Iran in the 3rd—5th centuries AD, as were 
the first two from the Roman Empire. The Sasanians added 
to them a fourth major type, historical astrology, which 
uses forms of continuous horoscopy (e.g. the horoscopes 
of the commencements of all or of selected years) as well 
as conjunctions of the two furthest of the then known 
planets, Saturn and Jupiter, or conjunctions of the two 
malefic planets, Saturn and Mars, in Cancer. Practitioners 
of historical astrology also cast the horoscopes of the 
coronations of kings and other historical beginnings, in 
these cases following the rules of catarchic astrology. 


The question of astrology’s validity 

Clearly, whatever claims were made for an empirical basis, 
this whole theory is founded on arbitrary assumptions 
concerning the relationships between the individual 
zodiacal signs and planets and the physical parts and 
psychological aspects of sublunar objects and beings, 
as well as on a subsequently disproved theory of the 
cosmos. In antiquity the arguments against astrology’s 
validity were largely based on practical problems: how 
to explain the often great differences between the physical 
and mental attributes of twins and their separate lives; 
how to explain the simultaneous deaths of large numbers 
of people of different ages in a battle or natural catastrophe; 
how to be sure of the exact moment of birth and of the 
local ascendant at that moment. The Christian Church, 
and later Islam, frequently condemned astrology because 
it denies man or woman free will and so deprives him or 
her of the capacity to gain salvation through his or her own 
efforts and because it makes God irrelevant to the universe, 
which is an eternal and automatic machine. None of these 
arguments seriously damaged the credibility of astrology 
among many, nor has the collapse of the geocentric theory, 
although that has discouraged many scientifically minded 
persons from granting it any credence. Like several other 
current sciences that in fact continuously demonstrate 
their inability to predict the future accurately, astrology 
is still able to attract and to retain the patronage of 
innumerable clients. 


Astrology 
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From Alexandria to Baghdad to 
Byzantium. The Transmission of 
Astrology 


DAVID PINGREE 


It is argued in this article that a series of texts preserved in various Greek manuscripts are 
epitomes of an astrological compendium assembled by Rhetorius at Alexandria in about 
620 AD. It is also demonstrated that this compendium was utilized and frequently refash- 
ioned by Theophilus of Edessa between 765 and 775 and was made available by Theophilus 
to his colleague at the ‘Abbasid court at Baghdad, Masha’allah. Masha’ allah’s works in 
turn strongly influenced the early development of Arabic astrology, and many of them 
were translated into Latin and Greek, thereby spreading Rhetorius’ influence. A manu- 
script of Rhetorius’ compendium was apparently brought to Byzantium by Theophilus’ 
student, Stephanus, in about 790; from this archetype are descended the several Byzantine 
epitomes and reworkings of portions of this text; some of these—pseudo-Porphyry, 
Ep(itome) III, Ep. ΠΙΡ, and Ep. IV—passed through the hands of Demophilus in about 
1000, while two of the remainder—Ep. IIb and Ber.—were the only ones to preserve the 
name of Rhetorius as their author. 


he history of astrology offers its students two major challenges. The first is the 

complexity of its career in transmission from one cultural area to another and in 
transformation of its doctrines and methods to fit the interests and circumstances of its 
eager recipients.! The second is the complexity of the transmission of the individual 
texts within a single culture.? This second complexity is due to the fact that astrological 
texts tended to be copied by professionals interested more in gathering useful informa- 
tion than in preserving the verba ipsa of any author except the most authoritative. In 
this paper I shall attempt to solve problems related to both types of challenges 


1. A number of examples of such transformations are discussed in Ὁ. Pingree, From Astral 
Omens to Astrology, from Babylon to Bikaner, Serie Orientale Roma LXXVIII, Rome 1997. 

2. One example consists of the disparate collections of omens found on the scattered tablets 
containing fragments of the ‘Ishtar’ section of Enffma Anu Enlil, some of which have been 
published in E. Reiner and D. Pingree, Babylonian Planetary Omens, part 1, Malibu 1975; part 
2, Malibu 1981; and part 3, Groningen 1998. An example in Greek is Hephaestio’s 

᾿Αποτελεσματικά, which survives in an “original” form (Hephaestionis Thebani Apotelesma- 
ticorum libri tres, ed. D Pingree, Leipzig 1973), and in four epitomes (Hephaestionis Thebani 
Apotelesmaticorum epitomae quattuor, ed. D. Pingree, Leipzig 1974). 


David Pingree, Brown University, Department of the History of Mathematics, Box 1900. Provi- 
dence, RI 02912, USA. 


International Journal of the Classical Tradition, Vol. 8, No. 1, Summer 2001, pp. 3-37. 
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Pathways into the Study of Ancient Sciences 


I. The Historical Background 


Genethlialogy, the science of interpreting the horoscopic diagram representing the 
positions of the planets and the zodiacal signs at the moment of a native’s conception 
or birth, was invented by Greeks, probably in Egypt, in about -100.° Very soon after- 
wards, in the last century B.C., there was derived from genethlialogy catarchic astrol- 
ogy or initiatives, which attempt to determine beforehand the most propitious mo- 
ment for undertaking any enterprise.‘ 

By the middle of the first century A.D., when Balbillus°’ wrote, a theory of con- 
tinuous horoscopy® had been introduced into genethlialogy, and various particular 
applications of catarchic astrology had developed into quasi-independent sciences. 
Continuous horoscopy depends on an ἀφέτης or prorogator which travels through the 
native’s horoscope, changing from time to time his fate as it passes by the planets, 
their aspects, and their terms; and it employs the horoscopic diagrams of nativity 
anniversaries to be compared with the nativity diagram itself to determine annual 
changes in the native’s life. The subtypes of catarchic astrology included iatromath- 
ematics or medical astrology, offering prognoses from the horoscope of the time when 
the native became ill and specifying the best times in the future for employing the 
appropriate medical procedures,’ marriage astrology, which determines the best mo- 
ment for entering into a marriage and the features the native should look for in his or 
her future spouse; and, by the early sixth century A.D. in the work of Julian of 
Laodicea, the beginnings of military astrology,’ though that is largely an Indian and 
Iranian development. Greek genethlialogy and catarchic astrology were transmitted to 
India in the middle of the second century A.D. in the form of a Sanskrit prose transla- 
tion of a Greek text apparently composed in Alexandria in the early second century. 
Already in the poetic version of this prose translation that we still possess, the Yavanaja- 
taka composed by Sphujidhvaja in Western India in 269/270, catarchic astrology had 
been made the basis of the new science of interrogational astrology,!° wherein the 


3. The Babylonian nativity omens, published by F. Rochberg under the title Babylonian Horo- 
scopes (Transactions of the American Philosophical Society LXXXVIII, 1, Philadelphia 1998), 
do not belong to the science of genethlialogy. For the relationship of the Babylonian omens 
to genethlialogy see Pingree, Astral Omens (as in n. 1), pp. 21-29. 

4. The earliest extant full discussion of catarchic astrology is to be found in the fifth book of 
Dorotheus’ astrological poem, written in about 75 A.D. (Dorothei Sidonti Carmen astrologicum, 
ed. D. Pingree, Leipzig 1976), but the method undoubtedly is at least a century older. 

5. Manuscript R (for the manuscripts see section IV below, pp. 20-21) VI 60, edited by F. 
Cumont in Catalogus Codicum Astrologorum Graecorum (henceforth CCAG) VIII 3, Bruxelles 
1912, pp. 103-104; and chapter 231 on fol. 80 of manuscript B, edited by F. Cumont in CCAG 
VIII 4, Bruxelles 1921, pp. 235-238. 

6. The fully developed form is found in books III and IV of Dorotheus. 

7. The oldest surviving iatromathematical text is probably the Ιατρομαθηματικά attributed to 
Hermes, edited by J. L. Ideler in Physici et medici graeci minores, vol. 1, Berlin 1841, pp. 387- 
396, repeated on pp. 430-440. There is a copy of this text on fols. 1-5 of manuscript L. 

8. The oldest catarchic chapters on marriage are Dorotheus V 16 and 17. 

9. There is a fragment of Dorotheus on a “Lot of Soldiering” (fr. I Ὁ on p. 432 [ed. Pingree, as 
in n. 4]) preserved in Hephaestio II 19, 22-26, but this is not catarchic. The chapters by 
Julian are preserved in VI 46-48 in manuscript R. 

10. Ὁ. Pingree, The Yavanajataka of Sphujidhvaja, Harvard Oriental Series XLVIII, 2 vols., Cam- 
bridge MA 1978, chapters 52-72. 
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results of any enterprise can be predicted by examining the horoscopic diagram of the 
moment the client puts his question to the astrologer; the same rules as are used in 
catarchic astrology are applied, not to find a future time appropriate for beginning the 
enterprise, but to judge the consequences of the enterprise, whether already under- 
taken or intended for the future, on the basis of the time at which the question about 
the enterprise is asked.!! Also, military astrology was greatly developed in this early 
period of Indian astrology,’ culminating in three books on the subject composed by 
Varahamihira at Ujjayini in the middle of the sixth century.” 

During the Sasanian period in Iran astrological texts from both the Greek tradi- 
tion (e.g., Dorotheus [ca. 75 A.D.] and Vettius Valens [ca. 175 A.D.]) and the Indian 
tradition (e.g., Varahamihira) were translated into Pahlavi.'4 These traditions were 
mingled in Iran in such texts as those ascribed to Zaradusht!> and to Buzurjmihr,'® 
which are preserved in Arabic translations. In addition, Sasanian scholars developed 
from continuous horoscopy a science of historical astrology, based on annual horoscopic 
diagrams cast for the times of the Sun’s entry into Aries, on gismas (points moving at 
the rate of 1° per year) and intiha’s (points moving at the rate of 30° per year) rotating 
through the ecliptic analogously to prorogators,’” and on periodic conjunctions of 
Saturn and Jupiter in the four triplicities and of Saturn and Mars in Cancer.!® As well 
they invented political horoscopy from catarchic astrology, taking the moment of en- 
thronement, selected on astrological principles, or the preceding vernal equinox as the 
καταρχή of the regal or imperial initiative? Beginning in about 750 some of the 
Pahlavi texts attributed to Zaradusht, as we have already mentioned, were translated 
into Arabic,” and later in the century original Greek works began also to be trans- 
lated.?! 


11. Ibid., vol. 2, pp. 370-388. 

12. Ibid, chapters 73-76 and vol. 2, pp. 388-402. 

13. These are the Brhadyatra, the Yogayatra, and the Tikanikayatra. Manuscripts and editions are 
listed in D. Pingree, Census of the Exact Sciences in Sanskrit, series A, vol. 5, Memoirs of the 
American Philosophical Society CCXII, Philadelphia 1994, pp. 571a-572b. 

14. Pingree, Astral Omens (as in n. 1), pp. 46-50. 

15. Ibid., pp. 44-46. 

16. C. A. Nalino, “Tracce di opere greche giunte agli arabi per trafila pehlevica,” in A Volume of 
Oriental Studies Presented to Edward G. Browne, ed. T. W. Arnold and R.A. Nicholson, Cam- 
bridge 1922, repr. Amsterdam 1973, pp. 345-363 (pp. 352-356); and C. Burnett and D. 
Pingree, The Liber Aristotilis of Hugo of Santala, Warburg Institute Surveys and Texts XXVI, 
London 1997, pp. 8 and 140. 

17. Ὁ. Pingree, The Thousands of Abii Ma‘shar, Studies of the Warburg Institute XXX, London 
1968, pp. 59-60 and 65. 

18. Ibid., pp. 70-121, and K. Yamamoto and C. Burnett, Abi Ma‘sar On Historical Astrology, 
Islamic Philosophy Theology and Science XXXILI-XXXIV, 2 vols., Leiden 2000. 

19. Ὁ. Pingree, “Historical Horoscopes,” Journal of the American Oriental Society LXXXIL, 1962, 
pp. 487-502, and Pingree, Astral Omens (as in n. 1), pp. 57-62. 

20. D. Pingree, “Classical and Byzantine Astrology in Sassanian Persia,” Dumbarton Oaks Papers 
XLIIL, 1989, pp. 217-239 (234-235). 

21. Much Greek material is embedded in the Arabic treatises of Masha’allah and “Umar ibn al- 
Farrukhan. 
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II. Rhetorius of Egypt 
A. The Person 


In our Greek sources Rhetorius is little more than an infrequent name. In a few 
manuscripts he is alleged to be the author of several chapters on astrology, and once of 
a collection of chapters selected from an epitome of an elementary treatise on astrol- 
ogy attributed to Antiochus of Athens (late second century).” Aside from this epitome, 
the material directly associated with Rhetorius’ name found in manuscripts B, Ber., 
and R (see section IV below, pp. 20-21) are on basic definitions (the zodiacal signs; 
bright and shadowy degrees;*4 and masculine and feminine degrees®), and on 
genethlialogy (conception;”° on the longevity of the parents’), and on initiatives.”® The 
only statement in Greek relating anything of substance concerning Rhetorius is found 
in the poem entitled Εἰσαγωγὴ κατὰ μέρος ἀστρονομίας διὰ στίχου (Partial Introduc- 
tion to Astronomy in Verse) which John Camaterus dedicated to the emperor Manuel I 
(1143-80):79 


σοφός τις EK TOV παλαιῶν ῥήτωρ πεπυκνωμένος, 
“Ρητόριος Αἰγύπτιος οὕτως ὠνομασμένος, 

πρὸς ἐπιστήμην ἔμπειρος τῆς τῶν ἄστρων πορείας, 
ἐνέγραψεν ἐπίσημα « ἐν τῷ » προχείρῳ λόγῳ 
πρῶτον περὶ τὴν κίνησιν τῶν δώδεκα ζῳδίων. 


A certain wise man of the ancients, a terse orator, Rhetorius the Egyptian, 
so named, skilled in the science of the progress of the stars, wrote notewor- 
thy things in the handy book, first about the motion of the twelve zodiacal 


signs. 


If we accept Camaterus’ information as trustworthy, Rhetorius was an Egyptian 
and the author of a work on the zodiacal signs. Franz Boll long ago” identified the 
work which Camaterus used with the chapter ‘Pntopiov θησαυρὸς συνέχων τὸ πᾶν 
τῆς ἀστρονομίας (“Rhetorius’s Treasure Containing All of Astronomy”) which he also 
edited, though in a seriously contaminated fashion; genuinely Rhetorian is only the 
material found in manuscript Ber.7! A number of sentences in this chapter are found 
also in manuscript R; the most important concern the longitudes of fixed stars found in 


22. Epitome IIb of Rhetorius. The Epitomes are described in D. Pingree “Antiochus and 
Rhetorius,” Classical Philology LXXIL, 1977, pp. 203-223. 

23. The excerpt in manuscript Ber.; see n. 31 below. 

24. VI17 in manuscript R. 

25. VI 18 in manuscript R. 

26. Epitome IV 23. 

27. Chapter 221 in manuscript B, which corresponds to V 100, 6-9 in manuscript R. 

28. VI 23, 18-29 in manuscript R. 

29. Lines 92-96 in L. Weigl, Johannes Kamateros Εἰσαγωγὴ ἀστρονομίας, Wiirzburg 1907, p. 7. 

30. F. Boll, Sphaera, Leipzig 1903, pp. 21-30. 

31. In CCAG VII, Bruxelles 1908, pp. 194-213, where Boll mistakenly combines Rhetorius’ chap- 
ter with expanded versions in two other manuscripts, one of which falsely attributes its 
conflated version to Teucer of Babylon. 
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book V 58 and 62 of manuscript R. The longitudes of the fixed stars or arcs of the 
zodiac harming vision given in V 62 and in manuscript Ber. are corrected from Ptolemy’s 
positions to those they were assumed to have in about 480 by the addition of 3;26° of 
precession, while the longitudes of the thirty fixed stars in V 58 and in manuscript Ber. 
were corrected to the positions they were assumed to have in 505 by the addition of 
3;40°.*2 Rhetorius, therefore, wrote in 505 or later. But exactly what he wrote is uncertain. 


B. The Texts 


In manuscript R book V bears the title: "Ex τῶν ᾿Αντιόχου Θησαυρῶν ἐπίλυσις καὶ 
διήγησις πάσης ἀστρονομικῆς τέχνης (From the Treasures of Antiochus an Explanation 
and Description of the Whole Astronomical Art). This title implies that what R contains is 
not the original text of the work of Antiochus of Athens, who apparently wrote in the 
late second century A.D.*° This date is derived from the incomplete summary of his 
Εἰσαγωγικά (Introductory Material) preserved as VI 62 in R (Epitome I).*4 Antiochus 
refers to Nechepso, Petosiris, Hermes, and Timaeus, all of whom may be assigned to 
the first century A.D., and may be later than Ptolemy who wrote his ᾿Αποτελεσματικά 
(Astrological Effects) in the middle of the second.* The terminus ante quem is established 
by the citation of him by Porphyry (ca. 275 A.D.) in chapter 38 of his Εἰσαγωγή 
(Introduction). The numerous verbal parallels between Antiochus and Porphyry, then, 
which include passages from chapters 3, 4, 7-11, 15, 20, 22-30, 35-39, 41, 44, and 45 of 
the latter,3” demonstrate Porphyry’s extreme dependence on the Athenian astrologer. 
Closely related to both Antiochus’ Εἰσαγωγικά and Porphyry’s Εἰσαγωγή are 
chapters 1-53 of book V in R, which form Epitome II as preserved also in manuscript 
L.33 For Epitome II discusses material contained in chapters 1-3, 5-14, and 16-18 of 
Epitome I, and was also, independently of that text, a source of chapters 31, 33, 34, and 
40 of Porphyry. Note that chapters 47-52 of the version of Porphyry’s text available 


32. D. Pingree, review of W. Hiibner, Grade und Gradbezirke der Tierkreiszeichen (Leipzig 1995), in 
this journal (JJ]CT) V1, 1999/2000, 473-476 (476). 

33. Pingree, “Antiochus and Rhetorius” (as in n. 22), pp. 203-205. 

34. Ibid., pp. 205-206. 

35. This guess depends on the statement by Hephaestio (II 10, 9 and 29) that Antiochus and 
Apollinarius agree with certain things stated by Ptolemy—certainly not definitive proof of 
their relative chronologies. 

36. E. Boer and 5. Weinstock, “Porphyrii Philosophi Introductio in Tetrabiblum Ptolemaei,” in 
CCAG V 4, Bruxelles 1940, pp. 185-228 (210). 

37. In what seem to be the genuine chapters of Porphyry, numbers 1 to 45, he refers to the 
ancients, the moderns, the Chaldaeans, Apollinarius, Petosiris, Ptolemy, and Thrasyllus as 
well as to Antiochus 

38. Pingree, “Antiochus and Rhetorius” (as in n. 22) 206-208. 

39. Compare Porphyry 31 and 33 with Epitome II 19, 34 with Epitome II 16, and 40 with 
Epitome {I 1. Note also that Hephaestio I 13,1 is taken from Porphyry 7; I 14, 1 from 
‘Porphyry 11; 114, 2 from Porphyry 13; 1 15, 1-2 from Porphyry 14; 115, 3 from Porphyry 15; 
I 16, 1-2 from Porphyry 24; I 16,3 from Porphyry 20; and I 17, 1-6 from Porphyry 29, but 
Hephaestio cites Porphyry from his commentary on Ptolemy's Αποτελεσματικά only in II 
10, 23-27 and II 18, 15. Since these passages do not occur in Porphyry’s Εἰσαγωγή, that 
work, as its contents also show, is not a commentary on Ptolemy despite its title and 
preface. 7 
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now in the recension prepared by one Demophilus, who was active at Constantinople 
in 990, correspond verbatim to the epitome of Antiochus’ work found in Epitome Π, 
where they are chapters 10, 11, 12, 14, 15, and 46; they were inserted from this epitome 
into the archetype of the Porphyry manuscripts, presumably by Demophilus. That 
these six chapters could not have been borrowed from Antiochus by Porphyry is 
demonstrated by the fact that each of the first four of the relevant chapters in Epitome 
II refers to another section of R, or to Ber., and that these references are retained in the 
Porphyry manuscripts where they lose their meaning. Thus in V 10,7 there is a refer- 
ence concerning the παρανατέλλοντα (“simultaneously rising stars”) of the decans to 
Teucer of Babylon; Teucer’s system is summarized in the Rhetorius chapter in Ber. In 
V 11,8 it is said concerning the thirty bright stars: εὑρήσεις δὲ τὰ ἀποτελέσματα ἐν 
τοῖς ἑξῆς (“you will find their effects in what follows”); this points to V 58. In V 12,7 is 
written: τινὲς δὲ τῶν λαμπρῶν καὶ σκιαρῶν καὶ ἀμυδρῶν μοιρῶν οὐ μικρὰν ἔχουσι 
τὴν ἐνέργειαν εἴπερ οἱ ἀστέρες ἐν ταῖς λαμπραῖς μοίραις εὑρέθησαν τετυχηκότες, διὸ 
καὶ ταύτας ἐν τοῖς ἔπροσθεν ἠναγκάσθην καθυποτάξαι (“some of the bright, the 
shadowy, and the faint degrees have not a little effectiveness even though the planets 
were found to be in the bright degrees. Therefore I felt compelled to describe those 
[degrees] in what is yet to come”). This refers to the table in VI 17 which is entitled: 
περὶ λαμπρῶν καὶ σκιαρῶν μοιρῶν κατὰ ᾿ Ρητόριον (“on the bright and the shadowy 
degrees according to Rhetorius”). At the end of V 14 the author promises that he will 
explain clearly the matter of injuries and sufferings; he fulfils this promise in V 61. 
Incidentally, the chapters in the Porphyry manuscripts before and after the block 
inserted from Epitome Ii—chapters 46 and 53-55—are also not to be attributed to 
Porphyry. 

We have seen, then, links between Epitome II and the latter half of book V (chap- 
ters 54-117) and to book VI of R as well as to Ber. These must be due to a redactor later 
than 505 A.D. and earlier than 990; the link to the text in Ber. suggests that this 
redactor may be Rhetorius. The linkage is strengthened by a few additional cases that 
do not involve Porphyry’s manuscripts. In V 5, Περὶ ζῳδίων ἀσελγῶν (“On lustful 
zodiacal signs”), the reader is told: περὶ δὲ τούτων ἀκριβῶς Ev τοῖς ἔμπροσθεν εὑρήσεις 
(“you will find concerning these precise information in what lies ahead”). This refers 
to V 67, which discusses a doctrine of lustful degrees. And the Rhetorius chapter in 
Ber. omits the terms of the zodiacal signs, but says of Aries: ἔχει ὅρια ξ κατὰ Πτολεμοῖον 
κοὶ Αἰγυπτίους καὶ μοίρας λαμπρὰς καὶ σκιεράς: καὶ τὰς μὲν λαμπρὰς ὑπετάξαμεν 
τοῖς ἔμπροσθεν σὺν ταῖς τῶν ἀναφορῶν τῶν κλιμάτων (“it has five terms according to 
Ptolemy and the Egyptians and bright and shadowy degrees; we subjoined the bright 
[degrees] to what lies ahead together with the [degrees] of the rising-times of the 
climes”). This is an unmistakable reference to V 12 and 13, whose titles are respec- 
tively: Περὶ τῶν ὁρίων κατ᾽ Αἰγυπτίους Kot Πτολεμαῖον καὶ λαμπρῶν καὶ σκιαρῶν 
μοιρῶν (“Concerning the terms according to the Egyptians and Ptolemy, and the bright 
and shadowy degrees”), and Περὶ τῶν ἀναφορῶν τῶν ἑπτὰ κλιμάτων (“On the rising 
times of the seven climes”). 


40. See his scholium or scholia on Porphyry 30 and D. Pingree, “The Horoscope of 
Constantinople,” in Πρίσματα. Naturwissenschaftsgeschichtliche Studien. Festschrift fir W. 
Hartner, ed. Y. Maeyama and W.G. Saltzer, Wiesbaden 1977, pp. 305-315 (306-308). 
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These examples provide one part of the evidence that Epitome II is not a pure text 
of Antiochus. Another part is the fact that the redactor incorporates into V 18 a refer- 
ence to Paul of Alexandria, who wrote the second edition of his Εἰσαγωγικά (Introduc- 
tory Material) in 378. It may be relevant to the argument that book VI is linked to book 
V, of which linkage one example has already been mentioned, that VI 24-40 is a 
paraphrase of Paul’s book*! supplemented by quotations from his commentator, 
Olympiodorus, who lectured on the Εἰσαγωγικά at Alexandria in the summer of 564. 

Epitome II, as has been indicated, consists of V 1-53 as presented in manuscripts 
L and R, and most of this must be a summary of a work by Antiochus. Parallel to the 
version in L is Epitome Ila,“ which contains chapters 1-12, 15-48, and 52-53, and 
which was produced in the School of John Abramius in about 1380.“ Another, more 
drastic revision is Epitome IIb, which consists of chapters 1, 3, 4, 7-10, 16, 17, 21, 23~ 
44, 46, and 47; the earliest of the nine manuscripts was copied in the fourteenth cen- 
tury. Its title 15: Pytopiov” Ex@eoic καὶ ἐπίλυσις περί te τῶν προειρημένων δώδεκα ζῳ- 
δίων καὶ περὶ ἑτέρων διαφόρων ἐκ τῶν ᾿Αντιόχου Θησαυρῶν (Rhetorius’ Exposition and 
Explanation Concerning the Previously Mentioned Twelve Zodiacal Signs and Concerning 
Other Different Subjects from the Treasures of Antiochus). There is no obvious reason for 
Rhetorius’ name to appear here as the author of Epitome IIb unless he really was its 
author or the author of Epitome II. Unfortunately, the latter hypothesis, which I prefer, 
cannot be proved. If it were true, Rhetorius would appear to be the most plausible 
candidate for being the redactor of book V and at least part of book VI in R. 

Chapters 54-117 of book V form a relatively consistent treatment of genethlialogical 
interpretation: general indicators affecting the native (chapters 54-62); on his physi- 
cal and moral attributes (chapters 63-81); on his profession (chapters 82-96); on his 
parents (chapters 97-102); on his siblings (chapters 103-108); on lunar configurations 
(chapters 109-112); and, as an example, the nativity of Pamprepius of Panopolis, who 


41. E. Boer, Pauli Alexandrini Elementa apotelesmatica, Leipzig 1958, in which edition the unusual 
readings of R are cited under the siglum Y. 

42. VI 40, 9-15 in R, though ascribed to Heliodorus, are found in Olympiodorus’ commentary 
(ed. E. Boer, Heliodori, ut dicitur, in Paulum Alexandrinum commentarium, Leipzig 1962) on pp. 
138-142. VI 5 is entitled: Σχόλια εἰς τὸν περὶ χρόνου διαιρέσεως Ex τῶν τοῦ ᾿Ηλιοδώρου 
Συνουσιῶν, but sentences 1-3 and 5-7 are also found in Olympiodorus’ commentary (pp. 
127-128). But in the primary manuscript of the uncontaminated form of the commentary, 
our manuscript W (Boer’s A), no author was named by the original scribe, though a later 
reader has written in the name Heliodorus. This attribution, however, is impossible since it 
was pointed out by Pingree (pp. 149-150a of Boer’s edition) that the examples in the com- 
mentary can be dated between May and August of 564. The authorship of Olympiodorus 
was suggested by J. Warnon, “Le commentaire attribué ἃ Héliodore sur les Εἰσαγωγικά de 
Paul d’Alexandrie,” Travaux de la Faculté de Philosophie et Lettres de l'Université Catholique de 
Louvain Il, 1967, pp. 197-217, and by L.G. Westerink, “Ein astrologisches Kolleg aus dem 
Jahre 564,” Byzantinische Zeitschrift LXIV, 1971, pp. 6-21. 

43. Pingree, “Antiochus and Rhetorius” (as in n. 22), pp. 208-209. 

44. D. Pingree, “The Astrological School of John Abramius,” Dumbarton Oaks Papers XXV, 1971, 
pp. 189-215. 

45. Pingree, “Antiochus and Rhetorius” (as in n. 22), pp. 209-210. 

46. Ibid., pp. 211-212. 

47. D. Pingree, “Political Horoscopes from the Reign of Zeno,” Dumbarton Oaks Papers XXX, 
1976, pp. 135-150 (144-146). References to Pamprepius and the fragmentary remains of his 
poetry are assembled in H. Livrea, Pamprepti Panopolitani Carmina, Leipzig 1979. 


23 


Pathways into the Study of Ancient Sciences 


was born on 29 September 440 (chapters 113-117).“” Among the sources are mentioned 
Critodemus (early first century A.D.), Dorotheus, Ptolemy, and Vettius Valens. In V 
110 is a horoscope that can be dated 24 February 601. This places the date of the 
redactor at about 620 at the earliest, shortly before 990 at the latest. The whole of book 
V was summarized in VI 61 under the title συγκεφαλαίωσις τῶν ᾿Αντιόχου Θησαυρῶν 
οἵτινες ἐπιλύσεις καὶ διηγήσεις τῆς ἀστρονομικῆς ἀπαγγέλλονται τέχνης (Chapter- 
headings of Antiochus’ Treasures which are called the Explanations and Descriptions of the 
Astronomical Art). This is Epitome Ila. It could not have been the work of the redac- 
tor of books V and VI if the arguments set forth so far are correct; for that redactor 
would not have attributed the whole of book V to Antiochus. Presumably the other 
summaries of ancient astronomical works at the end of book VI—chapters 54-63—are 
also to be denied to his authorship. 

There exists another epitome that unites book V with much of book VI. Epitome 
ΠΙΡ,9 of which the oldest manuscript was copied in the late fourteenth century, con- 
tains material from V praefatio; 1, 2, 4-12, 15-17, 19, 22, 23, 29, 47, 48, 51, 53, 56, 59, 61— 
73, 75, 76, 79, 80, 85-88, 90-92, and 95-96; and from VI 1-5, 7, 9, 42, and 52. The 
incorporation of some verses composed by Theodore Prodromus in the twelfth cen- 
tury™ into the version of VI 7 in Epitome IIIb provides a terminus post quem. The title of 
Epitome IIIb is identical to the title of book V; it is descended from the same manu- 
script as is R. 

Three other manuscripts contain selections from both book V and book VI. It has 
already been noted that L preserves Epitome II; it also contains all or parts of VI 20, 25, 
27, and 52. V was copied by several scribes in the fourteenth century, but its basic 
collection goes back to a twelfth-century original. It contains V 55 and VI 7, 22-23, and 
46-50. On f. 156 it quotes several lines on the trine aspect of Saturn and Mars and 
attributes them to Rhetorius.*! In the twelfth century, then, as is already clear from 
John Camaterus’ poem, elements of Rhetorius’ work that have not been incorporated 
into the epitomes we have so far discussed were in circulation in Byzantium. 

Closely related to V through shared contents are two other fourteenth-century 
manuscripts. B was copied at the beginning of the century from a late eleventh-century 
compilation one of whose sources went back to the late tenth or early eleventh cen- 
tury.*2 At the beginning of B are the twenty-eight chapters which constitute Epitome 
IV.* The first eleven of these chapters correspond to V 57, 58, 59-60, 61-62, 64, 65, 66- 
76, 77, 78, 79-80, and 81, and the last five to V 97 and 99-101, 102, 104-105, 82-83, and 
53. The eleven chapters between these two groups are mostly from an early sixth- 
century source on technical aspects of astrological computing; chapter 12 contains a 
horoscope dated 8 September 428, chapter 14 one dated 1 May 516, chapter 15 one 
dated December 400 or January 401 and another dated 2 April 488, and chapter 19 one 


48. Pingree, “Antiochus and Rhetorius” (as in n. 22), pp. 212-213. 

49. Ibid., pp. 213-215. 

50. Στίχοι εἰς τοὺς δώδεκα μῆνας (Lines On the Twelve Months) edited by B. Keil, Wiener Studien 
ΧΙ, 1889, pp. 94-115. 

51. This is derived from Dorotheus I 6, 2 and II 14, 4; see Dorotheus, ed. Pingree (as in n. 4), pp. 
325-326. Quoted on the same folio are several verses of Dorotheus: from II 18, 2-3 (pp. 368- 
369) and from IV 1, 213 (p. 383). 

52. D. Pingree, Albumasaris De revolutionibus nativitatum, Leipzig 1968, pp. VII-IX, and Idem, 
Hephaestionis ... epitomae quattuor (as in n. 2), pp. V-VIII. 

53. Pingree, “Antiochus and Rhetorius” (as in n. 22), pp. 216-219. 
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dated 21 March 482. Chapter 23, on conception, is specifically attributed to Rhetorius; 
its title is Περὶ σπορᾶς Ex τῶν ‘“Pntopiov (“On Conception from the [Works] of 
Rhetorius”). Also the horoscope of 8 September 428 was known along with much from 
R to the Arab astrologer Masha’allah shortly before 800 A.D. I hypothesize, therefore, 
that these eleven chapters were part of the compendium that is found abbreviated in 
R. 

It is clear, however, that they have been revised. The longitudes of the fixed stars 
in the reworking of V 58, Epitome IV 2, for instance, which deals with the astrological 
influences of the thirty classical napovatéAAovta, have been corrected from their lon- 
gitudes in R, computed for 505 A.D., to longitudes computed for 884 A.D. (600 era 
Diocletian); this must be the approximate date of an early form of Epitome IV. A later 
redactor of the material in the first part (fols. 1-144) of B gives a horoscope dated 15 
September 1006 and referring to 9 October 1019. This suggests that he may be the 
previously mentioned astrologer Demophilus.™ In another passage, Epitome IV 26,1, 
this redactor reveals that he, like Demophilus, is from Constantinople by stating that 
he knows a lady in Byzantium who is the mother of twenty-four children. The fre- 
quent citations in Epitome IV from Dorotheus, Ptolemy, and Valens, with whose works 
we know Demophilus to have been familiar, and the references to Phnaés the Egyptian 
in chapter 16, Antigonus in chapter 21, and Teucer the Babylonian in chapter 22, 
whose names occur in chapters of book V that Demophilus seems to have inserted into 
the manuscripts of Porphyry, strongly suggest that Epitome IV passed through the 
hands of that late tenth-century astrologer. In a later section of part 1 of B are pre- 
sented reworkings of VI 6, 8, 9, 13, 15, and 45, and the substance of V 100 specifically 
attributed to Rhetorius. 

In manuscript E the scribe, Eleutherius Zebelenus of Elis,*5 has copied his own 
compendium which he falsely ascribed to Palchus.© In this compilation he included or 
referred to VI 5, 6, 8, 14, 15, 16, 23, 42, 43, 44, 45, 46, 47, 48, and 50, as well as V 61, 50- 
51. Eleutherius has changed much in the chapters he copied. 

Book V contains an epitome of an introductory work by Antiochus and part of a 
treatise on genethlialogy. Some chapters from this—V 48, 54, 58, 59, 97-98, 101, and 
103—were translated into Latin in the thirteenth century as part of the Liber Hermetis.>’ 
Book VI contains for the most part summaries of or excerpts from the works of various 
authors, including Balbillus (ca. 50 A.D.), Dorotheus, Theon of Smyrna (early second 
century A.D.), Ptolemy’s Almagest and Phases, Sarapion of Alexandria, Paul of Alexan- 
dria, the fifth-century Scholia on Ptolemy’s Handy Tables, Heliodorus (ca. 500 A.D.), 
Eutocius (early sixth century), Julian of Laodicea (early sixth century), Olympiodorus 
(564 A.D.), and Rhetorius himself referring to his own epitomes of other astrologers’ 
works. One of the chapters summarizing a doctrine of Julian of Laodicea contains an 
insert (VI 44, 21-23) made by Demophilus in which he quotes from Proclus. Since this 


54. Seen. 40 above. 

55. Pingree, “Horoscope” (as in n. 40), pp. 306-314. 3 

56. For the falsity of the attribution see Pingree, Yavanajataka (as in n. 10), vol. 2, p. 437. Note 
that Eleutherius was a member of the school of John Abramius in which Epitome IIa of 
Rhetorius and the revised text of Olympiodorus (ascribed to Heliodorus) originated. 

57. S. Feraboli, Hermetis Trismegisti De triginta sex decanis, Corpus Christianorum Continuatio 
Mediaeualis CXLIV, Turnhout 1994. These chapters constitute Epitome V; see Pingree, 
“Antiochus and Rhetorius” (as in n. 22), pp. 219-220. 
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insert is found in both R and E, the recension made by Demophilus in the late tenth 
century was the ancestor of both. 

The long discussion in VI 52 of the horoscope for 28 October 497 excerpted from 
the astrological treatise of Eutocius nicely parallels the discussion of the horoscope of 
Pamprepius at the end of book V. I strongly suspect that Rhetorius, working in Alex- 
andria in about 620, was the original compiler of books V and VI in R, and that he 
ended his compilation with VI 52. The next chapter is clearly an addition; it consists of 
rules for setting out an ephemeris, a subject already treated in two forms in VI 21, 
followed by a brief example of an ephemeris that covers the period from 1 to 6 and 8 to 
13 January 796 (the days begin at midnight). The only person we know who might 
have prepared such an ephemeris in Byzantium in the 790’s is Stephanus the Philoso- 
pher, whom I suspect to have brought the texts of Hephaestio, Rhetorius, and 
Theophilus from Baghdad to Constantinople in about 780.58 For he states proudly in 
his Περὶ τῆς μαθηματικῆς τέχνης (On the Mathematical Art):°? 


ὅ τε yap Πτολεμαῖος toic ἀπὸ τοῦ Ναβουχοδόνοσορ ἔτεσιν ἐχρήσατο καὶ 
μησὶν Αἰγυπτιακοῖς, ὁ δέ γε Θέων καὶ ᾿Ηράκλειος καὶ ὁ ᾿Αμμώνιος τοῖς 
τοῦ Φιλίππου καὶ μησὶν Αἰγυπτιακοῖς, οἱ δὲ νεώτεροι τοῖς τῶν Περσικῶν 
ἡγεμόνων καὶ τοῖς Σαρακηνικοῖς ἔτεσιν. διὰ τοῦτο ἐξεθέμην κανόνιον κατὰ 
τὰ τοῦ κόσμου ἔτη καὶ τοὺς ἡμετέρους μῆνας καὶ τὰς μεθόδους ῥαδίας καὶ 
προχείρους. 


Ptolemy used the years from Nabuchodonosor [Nabonassar] and Egyptian 
months, Theon, Heraclius, and Ammonius the [years] of Philip and Egyp- 
tian months, and more recent [Muslim astronomers] the [years] of the Per- 
sian kings [e.g., Yazdijird II] and Arabic years. Therefore, we set out an 
astronomical table according to the years of the cosmos [the Byzantine era, 
whose epoch is -5508] and our months and [according to] easy and handy 
methods. 


It is noteworthy that the only other references to Ammonius’ tables are in VI 2, 13 
and in the almanac composed by the tenth-century Andalusian scholar, Maslama al- 
Majrifi.© 

"The valuable historical material preserved at the end of book VI seems to be 
independent of Rhetorius. Not one of the Epitomes and manuscripts that preserve 
Rhetorius refer to it. It could conceivably have been added by Stephanus; it begins 
with references to “Erimarabus, whom the Egyptians call a prophet and the discoverer 
of astronomy,” to “Phorédas (Bhiridasa?) the Indian,” and to “Hystaspés Odapsus 
called the priest,” three Oriental sages representing Egypt, India, and Persia of whom 
he might have learned during his stay in Muslim territory. However that may be, the 
author of the bibliographies and biographical sketches of Ptolemy, Paul, Demetrius, 


58. Pingree, “Classical and Byzantine Astrology” (as in n. 20), pp. 238-239. 

59. Edited by F. Cumont in CCAG II, Bruxelles 1900, pp. 181-186 (182). The same text is found 
in manuscript V. 

60. J. M. Millas Vallicrosa, Estudios sobre Azarquiel, Madrid-Granada 1943-1950, pp. 72-237. 
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Thrasyllus, Critodemus, Callicrates, Balbillus, and Antiochus (VI 54-63) had access to 
an extremely rich library of astrological lore. 


III. Theophilus of Edessa 
A. The Person 


Theophilus, the son of Thomas, was born in Edessa in about 695. For the first fifty 
years of his life we hear nothing of him, though we may conjecture, because of his 
interests in philosophy and science as well as pagan literature, that, though a devout 
Christian, he studied not only in Edessa, but as well in the nearby city Harran, where 
the Greek secular sciences—especially astronomy and astrology—were carefully culti- 
vated.®! His pious and philosophical interest in science is best expressed in the preface 
to the «᾿Αποτελεσματικά» (Astrological Effects) that he addressed to his son, Deucalion® 
(Deucalion is presumably his Hellenic cover for Noah). In this preface he gives a 
Christian defense of astrology, as he says: μαρτυρίαις ἱκαναῖς κεχρημένος ἔκ τε 
θείων γραφῶν καὶ τῶν σεμνῶν φιλοσόφων, τῶν τε θύραθεν καὶ TOV τῷ ὀνόματι τοῦ 
χριστιανισμοῦ πεφωτισμένων (“having used sufficient witnesses from the divine scrip- 
tures and from the revered philosophers, from those outside the gate and those illumi- 
nated by the name of Christianity”). After explaining God’s deeds on the seven days of 
creation as consonant with the astrological powers of the planets taken in the order of 
their lordships of the weekdays, he concludes™ that there are two wisdoms between 
which the worthy may choose: the spiritual wisdom (σοφία πνευματική) of the perfect 
(τῶν τελείων) who do not use the mathematical sciences (τὰ μαθηματικά) and other 
sophistic complications, but who exercise the highest virtue with simplicity of manner 
together with holy chastity (μετὰ τῆς σεμνῆς παρθενίας); and the psychic wisdom 
(σοφία ψυχική) which searches for the cosmic philosophy through reason and action, 
holy marriage, the virtue of moderation, and blameless chastity (σεμνοῦ γάμου καὶ 
ἀρετῆς μέσης καὶ ἀμέμπτου παρθενίας). The sons of physicians, he continues, and of 
astronomers, Platonists, and Aristotelians pursue the latter wisdom without any blame 
or frenzy whatsoever. He concludes by referring obliquely to Paul (I Corinthians 15,41):© 
ὁ μὴ δυνάμενος γενέσθαι Ἥλιος γινέσθω Σελήνη, καὶ ὁ μὴ δυνάμενος γενέσθαι Σελήνη 
γινέσθω ἀστὴρ φωτεινός (“Let him who cannot be the Sun be the Moon, and let him 
who cannot be the Moon be a bright star”). The physicians, astronomers, Platonists, 
and Aristotelians who use τὰ μαθηματικά remind one strongly of the Neoplatonists of 
Harran, with whom Theophilus seems here to be associating himself while proclaim- 
ing his Christian faith. 


61. D. Pingree, “The Sabians of Harran,” forthcoming in this journal. 

62. Edited by F. Cumont in CCAG V 1, Bruxelles 1904, pp. 234-238. 

63. CCAG V 1, pp. 234-235. 

64. Ibid., p. 238. 

65. A. Souter, Novum Testamentum Graece, Oxford 1962: ἄλλη δόξα Ἡλίου καὶ ἄλλη δόξα 
Σελήνης καὶ ἄλλη δόξα ἀστέρων’ ἀστὴρ γὰρ ἀστέρος διαφέρει ἐν δόξῃ (“The glory of the 
Sun is one thing, the glory of the Moon another, and the glory of the stars [yet] another; for 
one star differs from [another] star in glory”). 

66. Ta’rikh mukhtasar al-duwal, Bayrat 1958, p. 24, and E. A. Wallis Budge, The Chronography of 
Gregory Abi'l Faraj, 2 vols., Oxford 1932, vol. 1, pp. 116-117. 
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It was probably in the obscure period of his life, in the early eighth century, that 
he translated from Greek into Syriac, if we believe Gregory Bar Hebraeus, the two 
books that Homer sang on the fall of Troy. He also translated into Syriac Aristotle’s 
Sophistici elenchi®’ and Galen’s De methodo medendi. Hunayn ibn Ishaq (died 873 or 877 
A.D.) calls the language of this translation of Galen “repulsive and bad,”® from which 
we may guess that Theophilus was more at home in Greek than in what one might 
have expected to be his native tongue. 

Indeed, he had read in Greek and quotes in the astrological works that he wrote 
in that language after 760 the Σύνταξις μαθηματική (Almagest), Handy Tables, and 

᾿Αποτελεσματικά (Astrological Effects) that Ptolemy had written in the middle of the 

second century A.D., as well as Dorotheus of Sidon’s late first-century astrological 
poem, Vettius Valens’ late second-century Anthologies, Hephaestio of Thebes’ early 
fifth-century AnoteAcopatixa, and Rhetorius of Egypt’s early seventh-century com- 
pendium. 

He also seems to have learned Pahlavi. For he shows a knowledge of elements of 
Varahamihira’s Brhadyatra in his work on military astrology,” and this text he prob- 
ably gained access to through a Pahlavi translation of the Sanskrit original or an 
Arabic translation thereof. He also presents two theories that he ascribes to Zoroaster 
in two chapters of the so-called “second edition” of his Movot περὶ πολεμικῶν καταρχῶν 
(Labors Concerning Military Initiatives), one on when an expected war will take place” 
and the other on determining the intent of someone who has sent you a letter.”! The 
first is attributed to Zoroaster κατὰ πραξίδικον (which I take to mean “according to 
the avenger”). I suspect that by the “avenger” he means to refer obscurely to Sunbadh, 
the Ispahbadh or general under Abi Muslim who unsuccessfully attempted to avenge 
the latter’s murder committed at the command of the Caliph, al-Mansir, in 755.72 For 
Sunbadh was the patron of Sa‘id ibn Khurasankhurrah’s translations of the five books 
of Zaradusht from Pahlavi into Arabic in about 750. Theophilus may also have 
consulted the Pahlavi translations of Dorotheus and Valens that were available in 
Baghdad to Masha’allah,”* though some of what Theophilus knew of the Sidonian 
seems not to have been included in the Pahlavi version. 

Theophilus certainly wrote his surviving astrological treatises in Greek for their 
Greek versions cite his Greek sources verbatim. However, we find in Arabic writings 


67. Kitab al-Fihrist li-’l-Nadim, ed. T. al-Ha‘iri , Tehran 1971, p. 310. 

68. G. Bergtrasser, Hunain ibn Ishag. Uber die syrischen und arabischen Galen-Ubersetzungen, 
Abhandlungen fiir die Kunde des Morgenlandes XVII 2, Leipzig 1925, p. 39 of the Arabic 
text. Concerning Hunayn see M. Ullmann, Die Medizin im Islam, Handbuch der Orientalistik 
1. Abt., 6,1, Leiden 1970, pp. 115-119. 

69. D. Pingree, “The Indian and Pseudo-Indian Passages in Greek and Latin Astronomical and 
Astrological Texts,” Viator VII, 1976, 141-195 (148). 

70. Πόνοι 31; edited by J. Bidez and F. Cumont, Les mages hellénisés, 2 vols., Paris 1938 (repr. 
New York 1975), vol. 2, pp. 225-226. 

71. Πόνοι 39; ed. eidem, pp. 209-219. 
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cited. 
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Lovaniensia Analecta LXXIX, Paris 1997, pp. 123-136. 
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many citations of those and other Theophilian works-especially one on genethlialogy 
that does not survive in its original Greek form. The Arabic authors who quote from 
Theophilus include Masha’allah, Sahl ibn Bishr, al-Qasrani, and ‘Ali ibn Abi al-Rijal. 
Moreover, Abii Ma‘shar is cited by his gullible pupil, Shadhan, as having claimed that 
he had found in the khaz@’in al-multk (“treasury of the kings”), by which he may mean 
the bayt al-hikma (“house of wisdom”), ancient books on astrology in Arabic, including 
a Kitab Thafil ibn Thiima—which must have been one of the earliest Arabic translations 
of a Greek scientific work.” 

It is now time to try to establish the chronology of Theophilus’s life from his first 
appearance in history until his death. He was present at the battle fought between 
Marwan II and the Khurasanian army under ‘Abdallah ibn ‘Ali on the left bank of the 
Greater Zab between 15 and 24 January 750; for his eye-witness account is quoted by 
Agapius of Menbij.” He may have been serving Marwan II, whose headquarters were 
in Harran, as an astrological advisor; we do not know for sure. But, in any case, he 
soon was serving the victorious ‘Abbasids in that capacity. For, in the preface to the 
first edition of his Πόνοι, he speaks of his experience of warfare in a campaign waged 
ὑπὸ τῶν τηνικαῦτα κρατούντων (“by those then in power”) against Margiané.” By the 
classical Margiané, of course, he means Khurasan; and he is probably referring to the 
expedition led by al-Mahdi, the son of the Caliph al-Mansir, against the rebellious 
governor of Khurdsan, ‘Abd al-Jabbar, in the winter of 758-759. Theophilus continued 
to serve the ‘Abbasids until the end of his life on 16 July 785.” The first edition of the 
Πόνοι, therefore, was probably written in the early 760’s. Theophilus was able to use 
the chapters of Dorotheus on the effects of planetary aspects. He may have read these 
in the original Greek or in their Pahlavi translation; no Arabic version existed in the 
760’s, though Masha’allah made one a decade or two later.” In agreement with the 
hypothesis that he used the Pahlavi translation is the presence of echoes of Vara- 
hamihira’s Sanskrit Brhady@tra in the Πόνοι, of which work as of other astrological 
texts by Varahamihira a Pahlavi version seems to have existed. 

Theophilus wrote his work on historical astrology, which is also strongly influ- 
enced by Pahlavi sources, after 30 July 762, the date of the founding of Baghdad! for 
he states in his’ Ἐπισυναγωγή (Collection):®* 


... κατὰ τὴν τῶν Σαρακηνῶν βασιλεύουσαν πόλιν, ὅπου ἀνείληφά μου τὴν 
ψηφοφορίαν, ἥτις ἐστὶν ἀνατολικωτέρα Βαβυλῶνος, τῆς δὲ ᾿Αλεξανδρείας 
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καθὼς ἐδοκίμασα ὥρας Γβ ς΄ τε΄, ὃ ἐστιν μοῖραι Ty A’. ὀνομάζεται δ' αὕτη 
Εἰρηνόπολις, τῇ δὲ τῶν Σύρων διαλέκτῳ Βαγδαδά. 


... at the ruling city of the Saracens, where I made my calculations, which is 
further east than Babylon, but as 1 tested it east of Alexandria 2/3 1/6 1/15 
of an hour, which is 13;30°. This city is called the City of Peace [Εἰρηνόπολις 
translates Dar al-salam], but in the dialect of the Syrians Baghdad. 


Theophilus indicates his knowledge of Pahlavi sources in a passage that occurs a 
few lines before the one just quoted: 


οἱ δὲ κατὰ τὴν ἑῷαν ἅπασαν Περσῶν σοφίας ἐρασταὶ τὰς ᾿ Ἑλληνικὰς 
βίβλους τῇ ἑαυτῶν μεταφράσαντες γλώττῃ τῷ ἐνιαυσιαίῳ καὶ μόνῳ κανόνι 
ἐχρήσαντο, ἤγουν τῷ ἐκ τῆς τοῦ ᾿Ηλίου εἰς τὴν ἀρχὴν τοῦ Κριοῦ ἐποχῆς, 
καθάπερ Κριτόδημος καὶ Οὐάλης καὶ Δωρόθεος καὶ Τιμόχαρις καὶ οἱ περὶ 
αὐτούς. 


Those of the Persians in all the East who love wisdom, having translated 
the Greek books into their own tongue, used exclusively as their rule for the 
year that from the position of the Sun at the beginning of Aries, as do 
Critodemus, Valens, Dorotheus, Timocharis, and their associates. 


It is well known that there were Pahlavi translations of Vettius Valens’ Anthologies, 
Dorotheus of Sidon’s astrological poem, and Ptolemy’s Almagest. These Persians (or 
Theophilus) would have found Critodemus’ name in Valens® and Timocharis’ in the 
Almagest.*4 

Theophilus’ next work must be the Περὶ καταρχῶν διαφόρων (On Various Initia- 
tives) as it is referred to in a later work, which was written in about 770. The Περὶ 
καταρχῶν διαφόρων shows signs of the influence of Dorotheus and Hephaestio, but 
not as yet of Rhetorius. I take this to mean that in 765 or thereabouts, when Theophilus 
composed this work, he did not yet have access to Rhetorius. 

In the preface to his «᾿Αποτελεσματικά», Theophilus refers to the Περὶ katapyav 
διαφόρων as the κοσμικαὶ ἀποτελέσεις καὶ αἱ κατὰ NEDOLV καταρχαὶ (“cosmic effects 
and initiatives in accordance with interrogation”),© thereby signalling the relationship 
of catarchic to interrogational astrology. In this < AnoteAcopatika> we find Theophilus’ 
epitomes of seven chapters from the fifth book of Rhetorius; in one of these (V 58), on 
the influences of thirty fixed stars, the longitudes of these napavatéAAovta have been 
increased to suit the year 770, which must be the date, within a year or two, of this 
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book’s composition. We can, therefore, pinpoint the date of Theophilus’ acquisition of 
a copy of Rhetorius to the period between 765 and 770. 

It was presumably in the 770’s, then, that Theophilus completed the seventeen 
chapters of the second edition of his Πόνοι περὶ καταρχῶν πολεμικῶν, of which three 
are derived from the sixth book of Rhetorius. Indeed, one might even surmise that it 
was composed on the occasion of one of al-Mahdi’s campaigns as Caliph, either that to 
suppress the rebellion of al-Muqanna‘ in Khurasan between about 775 and 780 or 
those to defend the frontier with the Byzantines in 780 and 782.5 


B. Greek Manuscript Tradition 


The Greek manuscript tradition of Theophilus’ works is both inadequate to preserv- 
ing the text and instructive on how it was preserved. There are three main branches. 
The first consists of manuscript L, which was copied in about the year 1000, and 
manuscript W, which was copied a little before the year 1241. Both are descended from 
the same, now lost manuscript,” but the scribe of each omitted his own choice of 
undesirable chapters. The prototype contained all that we still have of Theophilus’ 
᾿Επισυναγωγὴ περὶ κοσμικῶν καταρχῶν, which, despite its title, is on historical 
horoscopy of the Sasanian type; it contained also all of his untitled work concerning 
general astrology descended from Babylonian-type celestial omens combined with 
short chapters on catarchic, genethlialogical, and interrogational astrology, a collection 
which I call the «᾿Αποτελεσματικά» ; a few chapters from the first edition of his 
Πόνοι περὶ καταρχῶν πολεμικῶν on military astrology; and a substantial chunk of his 
Περὶ καταρχῶν διαφόρων on catarchic astrology arranged by the twelve astrological 
places counted from the ascendent on the ecliptic. This last work breaks off in both 
manuscripts in the seventh place, but the Laurentianus has on another leaf the last 
chapter from the section on the ninth place and the beginning of the first from that on 
the tenth place. 

The second class of manuscripts also has two members—manuscript A, a four- 
teenth century codex, and manuscript Y, copied from the same source in about 1400. 
They both contain an index covering the first and second editions of Theophilus’ 
Πόνοι and most of his Περὶ καταρχῶν διαφόρων, breaking off at the sixth chapter of 
the tenth place, a little after the point where the Laurentianus broke off. Of Theophilus’ 
actual text this class preserves only the first edition of the Πόνοι through its antepen- 
ultimate chapter and the entirety of the < Αποτελεσματικά». 

The third class is represented by one manuscript of the thirteenth century, manu- 
script P. This is a badly disturbed copy, but it still preserves both editions of the Πόνοι 
in their entirety except for the loss of 1 leaf; 2 single chapters from the <’ Anote- 
λεσματικά» ; and the four chapters concerning the sixth place in the Περὶ καταρχῶν 
διαφόρων. 


86. On ‘Abbasid history see H. Kennedy, The Early Abbasid Caliphate, London 1981. 

87. This lost manuscript ended its main body of excerpts from Theophilus’ Περὶ καταρχῶν 
διαφόρων at VII 1. Both manuscripts contain a statement: τοῦτο τὸ κεφάλαιον εὑρεῖς καὶ εἰς 
τὸ βιβλίον τὸ μανυρὸν εἰς φύλλον κ' ἀπὸ τῆς ἀρχῆς (“You will find this chapter in the black 
book on folio 20 from the beginning.”) (f. 82v L, f. 117 W). 
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C. Theophilus’ Sources 


Classes one and three were instrumental also in preserving Hephaestio’s text, and 
class one was also closely connected to the text of Rhetorius. These two, along with 
Dorotheus of Sidon whom Theophilus knew in a fuller version than that available in 
the Pahlavi translation, and therefore perhaps in the original hexameters or, possibly, 
in a fuller form of the prose paraphrase than is available to us in Hephaestio, were 
Theophilus’ favorite authorities. He seldom names them, but in the first edition of his 
Πόνοι he transforms Dorotheus II 14-17, on aspects applied to genethlialogy, to a form 
in which they are applied to military astrology, while in the second edition he bases 
three chapters on three from book six of Rhetorius which the latter had copied from 
the early sixth century author, Julian of Laodicea; they are on war and its dissolution.®? 
In the Περὶ καταρχῶν διαφόρων Theophilus based one chapter, on medical astrology, 
on a chapter in Dorotheus’s catarchic book five; in the «᾿Αποτελεσματικά; one 
chapter, on whether an interrogation will concern a man or an animal, is a re-interpre- 
tation of a statement by Hephaestio about which astrological factors lead to the birth 
of a monster.”! And a block of seven chapters consists of epitomes of material found in 
the fifth book of Rhetorius;? they are on the influences of the fixed stars, changed to 
refer to catarchic astrology from their earlier application to genethlialogy; on various 
undertakings; on the dodecatemoria; on people who are subject to demons or are 
epileptic; on thieves; on death; and on the lot of the killing place. But in the Περὶ 
καταρχῶν διαφόρων I find the influence of only Dorotheus and Hephaestio, and not of 
Rhetorius at all. 


Ὁ. Theophilus and Masha’ allah 


Now that we have established at least the strong plausibility that Theophilus used 
Dorotheus—either in Greek or in Pahlavi—from the beginning of his career of writing 
on astrology in about 760, and that he began using Hephaestio in Greek in about 765, 
and Rhetorius a few years later, we can also remark that, so far as we as yet know, the 
chief or even sole users of Hephaestio, Rhetorius and Theophilus himself among as- 
trologers writing in Arabic in the late eighth and early ninth centuries were Masha’ allah, 
Theophilus’ colleague at the Caliphal court, and Masha’allah’s pupils, especially Sahl 
ibn Bishr and Abt ‘Afi al-Khayyat, though it is possible that they are to be joined by 
‘Umar ibn al-Farrukhan al-Tabari, who does not name his sources in his lengthy Kitab 
al-masi’ il (Book of Interrogations), but who translated the Pahlavi version of Dorotheus 
into Arabic. 

Masha’allah’s use of Theophilus is proved by the compilations of his chapters on 
interrogational astrology preserved in Istanbul Laleli 2122bis, where Masha’allah also 
uses Hephaestio, and in Leiden Orientalis 891. From the large number of horoscopes 
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preserved in the Leiden manuscript and in the numerous Byzantine Greek translations 
of Masha’allah’s chapters on interrogations, we know that his examples were of que- 
ries addressed to him between 12 June 765 and 7 June 768. Thus Masha’ allah’s use in 
these books of Hephaestio and Theophilus fits in perfectly with our theory that 
Theophilus first relied on Hephaestio in the interrogational Περὶ καταρχῶν διαφόρων 
that he wrote in about 765. 

The other part of that theory was that Theophilus did not have Rhetorius until 
shortly before 770. The main work that we know of in which Masha’allah used Rhetorius 
is the text which Hugo of Santalla translated into Latin in the 1140s as the Liber 
Aristotilis de ducentis quinquaginta quinque Indorum voluminibus universalium questionum 
tam genetialium quam circularium summam continens (Book of Aristotle on the 255 Books of 
the Indians Containing the Totality of Universal Questions, both Genethlialogical and Revolu- 
tionary), which may be the Kitab al-marda (Book of the Pleasant) ascribed to Masha’ allah 
by al-Nadim.™ In this one can identify fifty-three chapters from the fifth book and two 
from the sixth book of Rhetorius’s compendium that Masha’allah drew upon. 

This was indeed a massive influence. Moreover, the third book of the Liber Aristotilis 
follows the lead of Theophilus’ Περὶ καταρχῶν διαφόρων in arranging its contents— 
here genethlialogical rather than interrogational—according to the twelve astrological 
places. Therefore, 1 hypothesize that the Arabic original of the Liber Aristotilis was 
composed after the period 765 to 770; I would further suggest, though I cannot prove 
it, that it was also composed after the interrogational books that Masha’allah wrote in 
about 770, and therefore also after Theophilus’ use of Rhetorius in his 
<' Αποτελεσματικά». The only other place where I am sure that Masha’allah used 
Rhetorius is in his Kitab al-mawalid (Book of Nativities) which survives in a Latin transla- 
tion.® This contains twelve nativity horoscopes: three are drawn from Dorotheus, and 
the rest are from a sixth century source with nativity horoscopes datable to the period 
between 19 January 403 and 9 November 542. At least one of these nine, datable 8 
September 428, is from Rhetorius; I suspect that the rest are also, though our corrupt 
Byzantine manuscript tradition of Rhetorius has not preserved them. 

These twelve horoscopes were copied by Abd ‘Ali al-Khayyat in his Kitab al- 
mawalid (Book of Nativities).°° The same author has quoted Eutocius in his Kitab al- 
masi’ il (Book of Interrogations);?” and Eutocius is otherwise known as an astrologer only 
from the sixth book of Rhetorius* and from the Arabic translation of a commentary he 
wrote on the first book of Ptolemy’s ᾿Αποτελεσματικά." 

Sahl ibn Bishr’s Kitab al-mas@’il on interrogations, Kitab al-mawalid on nativities, 
and Kitab al-ikhtiyarat ala al-buyit al-ithnai ‘ashar (Book of Choices According to the Twelve 
Astrological Places) on initiatives are all strongly influenced by Masha’allah and follow 
in general the corresponding works of Theophilus, including his lost work on nativi- 
ties which is quoted in Sahl’s Kitab al-mawalid and by later Arabic astrological antholo- 
gists. 
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Through the works of Masha’allah, al-Khayyat, and Sahl, in short, Theophilus 
exercised a profound influence on the rise of Arabic astrology and on its content. This 
influence is characterised by a synthesis of the Greek and Persian traditions, by con- 
tinuing and expanding the Indian and Sasanian habit of transforming catarchic into 
interrogational astrology, and by the organisation of astrological treatises in confor- 
mity with the twelve astrological places. What he was not involved in was the inven- 
tion of new astrological concepts and technical vocabulary with which to express 
them. Such new concepts and technical terms, the latter to some extent based on 
Pahlavi antecedents, appear first, I believe, in the first part of Sahl] ibn Bishr’s Kitab al- 
ahkam ‘ala al-nisbat al-falakiya (Book of Judgments According to the Relation of the Spheres), 
but were expressed in their classical form only by Abd Ma‘shar in the middle of the 
ninth century. Theophilus’ tendency to synthesize and Sahl’s inventiveness turned 
Arabic astrology into a science recognisably different from its Greek, Sanskrit and 
Pahlavi predecessors; but for the first half century and more of its existence Arabic 
astrology, apart from the pure translations from Pahlavi or Greek, largely followed 
Theophilus’ models. 


IV. The Greek Manuscripts 


A. Parisinus suppl. graecus 1241. A manuscript of 47 folia copied in the fourteenth 
century and purchased by Minois Mynas in the East. Described by F. Cumont in 
CCAG VIII 1, Bruxelles 1929, pp. 117-128. Contains an index of chapters, the first 
edition of Theophilus’ Πόνοι περὶ καταρχῶν πολεμικῶν, and his < Αποτελεσματικά». 

B. Parisinus graecus 2506. A manuscript of 216 folia copied by two scribes in the 
fourteenth century. Described by F. Cumont in CCAG VIII 1, Bruxelles 1929, pp. 74- 
115. Contains Epitome IV of Rhetorius, 25 chapters of Epitome I of Hephaestio, eleven 
chapters related to book VI of Rhetorius, and some 45 chapters derived from 
Theophilus’s various works. 

Ber. Berolinensis graecus 173. A manuscript of 204 folia copied by several scribes 
in the fifteenth century. Described by F. Boll in CCAG VII, Bruxelles 1908, pp. 48-63. 
Ff. 48-49v contain an excerpt from Epitome IV 1 of Rhetorius, here ascribed to Hermes; 
ff. 139-144v contains the ‘Pntoptov Θησαυρὸς συνέχων τὸ πᾶν τῆς ἀστρονομίας (The 
Treasure of Rhetorius Containing All of Astronomy), which is an epitome of something 
genuinely Rhetorius’; and ff. 145v-146v the preface of Epitome ΠΡ of Rhetorius. In 
between these last two is a text derived from Valens I 1; it is published in Vettti 
Valentis Antiocheni Anthologiarum libri novem, ed. Ὁ. Pingree, Leipzig 1986, pp. 390-392. 

E. Angelicus graecus 29. A manuscript of 346 folia mostly copied by Eleutherius 
Zebelenus of Elis on Mitylene in 1388. Described by F. Cumont and F. Boll in CCAG V 
1, Bruxelles 1904, pp. 4-57. Eleutherius’ compendium ascribed to Palchus is on ff. 92- 
151v; it contains chapters derived from both Rhetorius and Theophilus as well as from 
Masha’allah. A second scribe has copied 34 chapters from Theophilus on ff. 209-212, 
314v, 335-338, and 343-346; these come from the Πόνοι περὶ καταρχῶν πολεμικῶν and 
the «᾿Αποτελεσματικά». 

L. Laurentianus 28, 34. A manuscript of 170 folia copied in about 1000 A.D. It 
contains 12 chapters of Hephaestio, Epitome II of Rhetorius as well as some additional 
chapters, some excerpts from John Lydus’ De Ostentis (On Omens), and numerous 
chapters from all of Theophilus’s surviving texts. 
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P. Parisinus graecus 2417. A manuscript of 176 folia copied in the thirteenth 
century. Described by F. Cumont in CCAG VII 1, Bruxelles 1929, pp. 9-20. It contains 
both editions of the Πόνοι and a few chapters from the < Αποτελεσματικά;» and the 
Περὶ καταρχῶν διαφόρων of Theophilus; it also is the primary manuscript preserving 
Hephaestio’s < AnoteAcopatixa> on ff. 39-175v. 

R. Parisinus graecus 2425. A manuscript of 285 folia copied in the early fourteenth 
century. Described by P. Boudreaux in CCAG VIII 4, Bruxelles 1921, pp. 22-42. Ff. 4v- 
76 contain the four books of Ptolemy's < Αποτελεσματικά»; this copy ἮΝ. Hiibner has 
placed at the head of his classis a in his edition (Claudti Ptolemaei Opera quae exstant 
omnia, vol. Il, 1, Apotelesmatika) published at Stuttgart-Leipzig in 1998. Books V and VI 
on ff. 76-238 and ff. 1-1v contain the compendium of Rhetorius, the instructions and 
table of Stephanus, and important material for the history of astrology. At the end of 
the manuscript, on ff. 257-284, is an astronomical treatise composed between 1060 and 
1072 by an unknown scholar using Arabic sources. Parts of this treatise are found in 
manuscript V and in the manuscripts of Epitome IIIb of Rhetorius. The treatise was 
edited by A. Jones, An Eleventh-century Manual of Arabo-Byzantine Astronomy, Corpus 
des astronomes byzantins 3, Amsterdam 1987. 

V. Vaticanus graecus 1056. A manuscript of 244 folia copied in the fourteenth 
century, to a large extent from a twelfth-century source. Described by I. Heeg in CCAG 
V 3, Bruxelles 1910, pp. 7-64. It contains two chapters from the astronomical treatise 
found at the end of R; the Περὶ τῆς μαθηματικῆς τέχνης (On the Mathematical Art) of 
Stephanus the Philosopher; Epitome II of Hephaestio; and various chapters derived 
from Rhetorius, Theophilus, and Masha’allah. V shares a number of chapters with E. 

W. Vindobonensis phil. gr. 115. A manuscript of 226 folia copied in the thirteenth 
century before 1241. Described by W. Kroll in CCAG VI, Bruxelles 1903, pp. 16-28. On 
ff. 25-117 are chapters almost in their entirety copied from Theophilus. This manu- 
script also contains five chapters from Epitome II of Hephaestio, and four from the 
original form of Hephaestio. It shares readings with both L and V. There is also found 
in it the original form of Olympiodorus’ commentary on Paul of Alexandria to which 
the name Heliodorus has been attached by a later scribe. 

Y. Vaticanus graecus 212. A manuscript of 152 folia, of which ff. 106-152 were 
copied at the end of the fourteenth or the beginning of the fifteenth century. Described 
by F. Cumont and F. Boll in CCAG V 1, Bruxelles 1904, pp. 64-71. This manuscript is a 
gemellus of manuscript A, but breaks off in chapter 12 of Theophilus’ ᾿Αποτελεσμα- 
τικά». It was bought by Laudivius Zacchia in Crete, probably in 1475, and had entered 
the Vatican Library by 1481. 
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Appendices 


Appendix I gives an example of the transference of chapters from book V of manu- 
script R into the archetype of the principal manuscripts of Porphyry. Note that pseudo- 
Porphyry is closer to L than to R, and that the promise in the first and last sentences, 
while fulfilled in manuscript R, is not fulfilled in pseudo-Porphyry. The chapter in 
Epitome IIIb, as is normally the case, is closer to R than to L, while Epitome Ia, which 
was produced in the School of John Abramius, has introduced many changes due to 
the epitomator’s acquaintance with Ptolemy’s and Hephaestio’s astrological works. 
Appendix II is intended to illustrate the general relationship between the text of 
manuscript R and that of Epitome IV, which greatly abbreviates its prototype, but 
adds the names of the ancient authorities when these are known to the epitomator. 
Appendix III exemplifies the transmission of the chapter on the παραναντέλλοντα 
from its source in the chapter of the Anonymus anni 379, imperfectly preserved in 
manuscript E, through the various versions of the echoes of its lost Pahlavi translation, 
where it was attributed to Hermes, in Arabic and Latin and the adaptation of the 


I. Rhetorius V 12 


Ia. As preserved in manuscripts L and R. 
Περὶ τῶν ὁρίων Kat’ Αἰγυπτίους καὶ Πτολεμαῖον; καὶ λαμπρῶν καὶ σκιαρῶν2 μοιρῶν. 


Πάλιν οἱ παλαιοὶ εἰς ἥμισυ χώρας ἢ τόπους τέμνοντες ἕκαστον ζῴδιον ὠνόμασαν 
ὅρια, οὐ κατὰ τὰς ἴσας μοίρας ὡς ἐπὶ τῶν δεκανῶν εἰρήκαμεν, ἀλλὰ διαφόρως κατὰ 
τὴν ἄλλην αἰτίαν ἥντινα ὑπέθεντο ἐν ταῖς τῶν ἀστέρων τελείαις περιόδοις (περιόδους 
δὲ λέγω ἅστινας ἐν τοῖς ἔμπροσθεν εὑρήσεις) [μετὰ δὲ τῶν ὁρίων]" αὐταὶ δὲ αἱ μοῖραι 
τῶν ὁρίων αἱ κατὰ ζῴδιον κείμεναι. τινὲς μὲν αὐτῶν εὑρίσκονται Διός, ἄλλαι δὲ 

᾿Αφροδίτης, ἄλλαι Κρόνου. ὅταν οὖν τιςΞ τῶν ἀστέρων εὑρεθῇ" οἴκῳ ἀγαθοποιοῦ καὶ 
ὁρίοις ἀγαθοποιοῦ" λόγον ἔχων πρὸς τὴν γένεσιν, ἀγαθοποιεῖ τὴν τύχην: εἰ δὲ εὑρεθῇ 
οἴκῳ μὲν ἀγαθοποιοῦ, ὁρίοις δὲ κακοποιοῦ, ἐλαττοῖ τὸ ἀγαθὸν τῆς τύχης: εἰ δὲ τύχῃ 
οἴκῳ κακοποιοῦ καὶ ὁρίοις κακοποιοῦ, κακοῖ καὶ ἀμαυροῖ τὴν τύχην.7 ἠδ οὖν τῶν 
ὁρίων ἐνέργεια ἐναλλοιοῖ τὴν τῶν ἀστέρων ἀποτελεσματογραφίαν καθὰ εἴρηται καὶ 
ἐπὶ τῶν προσώπων τῶν δεκανῶν. ὁ οὖν Πτολεμαῖος ἔν τισιν ὁρίοις οὐ συνήνεσε τοῖς 
Αἰγυπτίοις, διὸ ἠναγκάσθη καὶ τούτων ὑπόμνησιν ποιήσασθαι. συμβάλλονταιϑ δὲ τὰ 
ὅρια αὐτοῦ ἐν τοῖς αὐτῶν ἀποτελέσμασι μόνοις. τινὲς δὲ τῶν λαμπρῶν καὶ oKLapdv!! 
καὶ ἀμυδρῶν μοιρῶν οὐ μικρὰν ἔχουσι τὴν ἐνέργειαν εἴπερ οἱ ἀστέρες EV ταῖς λαμπραῖς 
μοίραις εὑρέθησαν τετυχηκότες, διὸ καὶ ταύτας}2 ἐν τοῖς ἔμπροσθεν ἠναγκάσθην᾽5 
καθυποτάξαι. 


1. πτολεμαίῳ L 2. σκιερῶν R 3. τι 1, 4. εὑρεθῇ om. R 5. ἀγαθοποεῖ R 6. οὐ Κὶ 7. τῇ 


τύχῃ L, τὴν ψυχήν R 8. εἰ LR 9. συμβαλλόντων LR 10. οἱ LR 11. σκιερῶν R 12. 
ταῦτα L 13. ἠναγκάσθη R. 
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Greek original of the Pahlavi translation by Rhetorius, to the rewriting in Epitome IV, 
and finally ending with Theophilus’s adaptation of the same material, changing the 
emphasis from genethlialogical to catarchic astrology. The longitudes of the stars were 
corrected to their positions in 379 in the Anonymus, to 505 in the Hermes version, to 
884 in Epitome IV, and to 770 by Theophilus (the manuscripts often give the wrong 
numbers). Note that Masha’ allah has used the version found in manuscript R. 

Appendix IV begins with Rhetorius’ adaptation of one of Julian of Laodicea’s 
chapters on war. Next is its virtually verbatim repetition by Theophilus (usually he 
changes much more). Then is an Arabic text by Masha’ allah drawing on either Rhetorius 
or Theophilus, but mixing in other material, changing the emphasis from catarchic to 
interrogational astrology, and interpreting the words “raised up” (to exaltation) and 
“lowered” (to dejection) to refer to the superior and the inferior planets respectively. 
Finally there is presented the Byzantine translation of Masha’allah’s text, made in 
about the year 1000. 

I have translated the passages from Rhetorius and the Arabic passages from 
Masha’ allah and Abd Ma‘shar. 


On the terms according to the Egyptians and Ptolemy, and <on> the bright and shad- 
owy degrees. 


Again the ancients, dividing each zodiacal sign in half, called the regions or 
places “terms,” <dividing them> not into equal <numbers of> degrees as we men- 
tioned in the case of the decans, but differently in accordance with some other reason 
which they suggested on <the basis of> the perfect periods of the planets (I mean the 
periods which you will find in what lies ahead); these are the degrees of the terms 
lying in <each> zodiacal sign. Some of them are found belonging to Jupiter, others to 
Venus, others to Saturn. Therefore, when one of the planets should be found in the 
house of a benefic and the terms of a benefic, having a relationship to the nativity, it 
benefits <the native’s> fortune; if it should be found in the house of a benefic, but the 
terms of a malefic, it diminishes the good of <his> fortune; but if it should be in the 
house of a malefic and the terms of a malefic, it injures and darkens <his> fortune. 
Therefore, the power of the terms changes the influence of the planets as was also said 
in the case of the “faces” of the decans. But Ptolemy did not agree with the Egyptians 
on some terms, wherefore he was compelled to mention them also. But his terms alone 
contribute in their influences. Some of the bright and shadowy and faint degrees have 
not a little power if the planets are found in the bright degrees, wherefore I was 
compelled to subjoin them in what lies ahead. 
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Ib. Psuedo-Porphyry 49 as preserved in manuscripts S (Monacensis gr. 419), D 
(Laurentianus 28, 20), and M (Marcianus gr. 314), without emendation. 


Περὶ τῶν ὁρίων Kat’ Αἰγυπτίους καὶ Πτολεμαῖον καὶ λαμπρῶν καὶ σκιαρῶν μοιρῶν .ἷ 


Πάλιν οἱ παλαιοὶ εἰς ἡμίσεις χώρας ἢ τόπους τέμνοντες ἕκαστον ζῴδιον ὠνόμασαν 
ὅρια, οὐ κατὰ τὰς ἴσας μοίρας ὡς ἐπὶ τῶν δεκανῶν εἰρήκαμεν, ἀλλὰ διαφόρως κατὰ 
ἄλλην αἰτίαν ἥντινα ὑπέθεντο ἐν ταῖς τῶν ἀστέρων τελείαις περιόδοις (περιόδους δὲ 
λέγω ἅστινας ἐν τοῖς ἔμπροσθεν εὑρήσεις)" αὐταὶ δὲ αἱ μοῖραι τῶν ὁρίων αἱ κατὰ Co 
διον κείμεναι. τινὲς μὲν αὐτῶν εὑρίσκονται Διός, ἄλλαι δὲ ᾿Αφροδίτης, ἄλλαι δὲ3 
Κρόνου, καὶ" ἄλλαι τῶν λοιπῶν πλανήτων. ὅταν οὖν τις" τῶν ἀστέρων εὑρεθῇ ἐν οἴκῳ 
ἀγαθοποιοῦδ καὶ ἐν ὁρίοις ἀγαθοποιοῦ λόγον ἔχων πρὸς τὴν γένεσιν, ἀγαθοποιεῖ τὴν 
τύχην᾽ εἰ δὲ εὑρεθῇ ἐν οἴκῳ μὲν ἀγαθοποιοῦό, ὁρίοις δὲ κακοποιοῦ, κακοὶ καὶ ἀμαυροῖ 
τὴν τύχην. ἡ οὖν τῶν ὁρίων ἐνέργεια ἐναλλοιοῖ τὴν τῶν ἀστέρων ἀποτελεσματογραφίαν 
καθὰ εἴρηται καὶ ἐπὶ τῶν προσώπων τῶν δεκανῶν. ὁ οὖν Πτολεμαῖος ἔν τισιν ὁρίοις 
οὐ συνήνεσε τοῖς Αἰγυπτίοις, διὸ ἠναγκάσθη καὶ τούτων ὑπόμνησιν ποιήσασθαι, 
συμβαλλόντων7 δὲ τὰ ὅρια αὐτῶν ἐν τοῖς αὐτῶνδ ἀποτελέσμασι μόνοις. αἱ δὲ τῶν 
λαμπρῶν καὶ σκιαρῶν καὶ ἀμυδρῶν μοιρῶν οὐ μικρὰν ἔχουσι τὴν ἐνέργειαν εἴπερ οἱ 
ἀστέρες ἐν ταῖς λαμπραῖς μοίραις εὑρέθησαν τετυχηκότες, διὸ καὶ ταῦτα ἐν τοῖς 
ἔμπροσθεν ἠναγκάσθη καθυποτάξαι. 


1. tit. om. 5. 2. ζωρίων 5 3. καὶ ἄλλαι DM 4. καὶ οπι. 5 5. τινες 5 6. κοὶ--ἀγαθοποιοῦ 
om. DM 7. συμβάλλονται 5 8. αὐτῶν om. D. 


Ic. Ep. IIIb 10, without emendation. 


Περὶ ὁρίων καὶ λαμπρῶν καὶ OKLEPOV μοιρῶν. 


Πάλιν οἱ παλαιοὶ εἰς ἥμισυ χώρας ἢ τόπους τέμνοντες ἕκαστον ζῴδιον ὠνόμασαν 
ὅρια, οὐ κατὰ τὰς ἴσας μοίρας ὡς ἐπὶ τῶν δέκα εἰρήκαμεν, ἀλλὰ διαφόρας κατὰ τὴν 
ἄλλην αἰτίαν ἥντινα ὑπέθεντο ἐν ταῖς τῶν ἀστέρων τελείαις περιόδοις" αὐταὶ δὲ αἱ 
μοῖραι τῶν ὁρίων αἱ κατὰ ζῴδιον κείμεναι. τινὲς μὲν αὐτῶν εὑρίσκονται Διός, ἄλλαι 
δὲ ᾿Αφροδίτης, ἄλλαι δὲ Κρόνου. ὅταν οὖν τις τῶν ἀστέρων οἴκῳ ἀγαθοποιοῦ καὶ 
ὁρίοις ἀγαθοποιοῦ λόγον ἔχων πρὸς τὴν γένεσιν, ἀγαθοποιεῖ τὴν ψυχήν᾽ εἰ δὲ εὑρεθῇ 
οἴκῳ μὲν ἀγαθοποιοῦ, ὁρίοις δὲ κακοποιοῦ, ἐλλατοῖ τὸ ἀγαθὸν τῆς τύχης. εἰ δὲ τύχῃ 
κακοποιοῦ καὶ ὁρίοις κακοποιοῦ, κἀκεῖ ἀμαυροῖ τὴν ψυχήν. ἡ οὖν τῶν ὁρίων ἐ ἐνέργεια 
ἐναλλοιοῖ τὴν τῶν ἀστέρων ἀποτελεσματουργίαν καθὰ εἴρηται καὶ ἐπὶ τῶν προσώπων 
τῶν δεκανῶν. ὁ οὖν Πτολεμαῖος ἔν τισιν ὁρίοις οὐ συνήναισε τοῖς Αἰγυπτίοις, διὸ 
ἠναγκάσθην καὶ τούτων τὴν ὑπόμνησιν ποιήσασθαι. οἱ οὖν τῶν λαμπρῶν καὶ σκιαρῶν 
καὶ ἀμυδρῶν μοιρῶν οὐ μικρὰν ἔχουσι τὴν ἐνέργειαν εἴπερ οἱ ἀστέρες ἐν ταῖς λαμπραῖς 
μοίραις εὑρέθησαν τετυχηκότες, διὸ καὶ ταύτας ἐν τοῖς ἔμπροσθεν ἠναγκάσθην 
καθυποτάξαι. 
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On the Terms according to the Egyptians and Ptolemy, and <on> the Bright and 
Shadowy Degrees 


Again the ancients, dividing each zodiacal sign in half, called the regions or 
places “terms,” <dividing them> not into equal <numbers of> degrees as we men- 
tioned in the case of the decans, but differently in accordance with some other reason 
which they suggested on <the basis of> the perfect periods of the planets (I mean the 
periods which you will find in what lies ahead); these are the degrees of the terms 
lying in <each> zodiacal sign. Some of them are found belonging to Jupiter, others to 
Venus, others to Saturn, and others to the remaining planets. Therefore, when one of 
the planets should be found in the house of a benefic and the terms of a benefic, 
having a relationship to the nativity, it benefits <the native’s> fortune; if it should be 
found in the house of a benefic, but the terms of a malefic, it injures and darkens <his> 
fortune. Therefore, the power of the terms changes the influence of the planets as was 
also said in the case of the “faces” of the decans. But Ptolemy did not agree with the 
Egyptians on some terms, wherefore he was compelled to mention them also, since 
they apply the terms in their influences only. Some of the bright and shadowy and 
faint degrees have not a little power if the planets are found in the bright degrees, 
wherefore I was compelled to subjoin them in what lies ahead. 


On the Terms and the Bright and Shadowy Degrees 


Again the ancients, dividing each zodiacal sign in half, called the regions or 
places “terms,” <dividing them> not into equal <numbers of> degrees as we men- 
tioned in the case of the ten, but different <numbers of degrees> in accordance with 
another reason which they suggested on <the basis of> the perfect periods of the 
planets; these are the degrees of the terms lying in <each> zodiacal sign. Some of them 
are found belonging to Jupiter, others to Venus, and others to Saturn. Therefore, when 
one of the planets should be found in the house of a benefic and the terms of a benefic, 
having a relationship to the nativity, it benefits <the native’s> soul; if it should be 
found in the house of a benefic, but the terms of a malefic, it diminishes the good of 
<his> fortune; but if it should be <in the house> of a malefic and the terms of a 
malefic, in that case it blackens <his> soul. Therefore, the power of the terms changes 
the influence of the planets as was also said in the case of the “faces” of the decans. But 
Ptolemy did not agree with the Egyptians on some terms, wherefore 1 was compelled 
to mention them also. Therefore some <masculine!> of the bright and shadowy and 
faint degrees have not a little power if the planets are found in the bright degrees, 
wherefore I was compelled to subjoin them in what lies ahead. 
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Id. Epitome IIa 10, without emendation 
Περὶ τῶν ὁρίων. 


Πάλιν οἱ παλαιοὶ καὶ εἰς ἔτι λεπτότερα τμήματα ἕκαστον τῶν ζῳδίων διελόντες E 
μὲν τῷ πλήθει, ἄνισα δὲ τῷ πηλίκῳ, τοῖς E πλανωμένοις ἀπένειμαν καὶ ὅρια ἑκάστου 
τῶν ἀστέρων ὠνόμασαν, ἅτινα καὶ ἔκκεινται κανονικῶς ἐν τῇ τοῦ Πτολεμαίου 
Τετραβίβλῳ. ἔστι δὲ καὶ ἡ τούτων ἐνέργεια τοιαύτη. ὅταν τις τῶν ἀστέρων εὑρεθῇ ἐν 
οἴκῳ ἀγαθοποιοῦ καὶ ὁρίοις ἀγαθοποιοῦ λόγον ἔχων πρὸς τὴν γένεσιν, ἀγαθοποιεῖ 
τὴν τύχην ἐὰν δὲ εὑρεθῇ ἐν οἴκῳ μὲν ἀγαθοποιοῦ, ὁρίοις δὲ κακοποιοῦ, ἐλαττοῖ τὸ 
ἀγαθὸν τῆς τύχης; εἰ δὲ καὶ ἐν οἴκῳ καὶ ὁρίοις κακοποιοῦ, κακοῖ καὶ ἀμαυροῖ τὴν 
τύχην. ἡ οὖν τῶν ὁρίων ἐνέργεια ἐναλλοιοῖ τὴν τῶν ἀστέρων ἀποτελεσματογραφίαν 
καθάπερ εἰρήκαμεν καὶ ἐπὶ τῶν δεκανῶν. αἱ δὲ τῶν λαμπρῶν καὶ σκιερῶν μοιρῶν 
φύσεις, περὶ ὦν ἐν τῇ ἀρχῇ τῆς τοῦ ᾿Ηφαιστίωνος πραγματείας ἐν ἧ περὶ τῶν δεκανῶν 
λεπτομερέστερον ὑποτετύπωται, οὐ μικρὰν ἔχουσι τὴν ἐνέργειαν ὁπόταν οἱ ἀστέρες 
ἐν αὐταῖς τυχόντες τοῦ γινομένου πράγματος κυριεύωσιν. 


II. Rhetorius V 57, 123.--125. 


Ila. As preserved in manuscript Καὶ, without emendation. 


᾿Εμοὶ δὲ δοκεῖ καὶ ἐπὶ ἑκάστου οἴκου καὶ τόπου βλαπτομένου ὑπὸ κακοποιοῦ 
ἀποφήνασθαι τὴν βλάβην κατὰ τὴν φύσιν τοῦ οἰκοδεσπότου τοῦ ζῳδίου καθ᾽ ὃ ὁ 
κακοποιός ἐστι καὶ τὰ σημαινόμενα ἀπὸ τοῦ τόπου. 

Εἰ δὲ θέλεις λαβεῖν καὶ κλῆρον βίου, λάμβανε πάντοτε, νυκτὸς καὶ ἡμέρας, ἀπὸ 
οἰκοδεσπότου τοῦ δευτέρου τόπου ἐπὶ αὐτὸν τὸν τόπον τὸν δεύτερον, καὶ τὰ ἴσα 
ἀπόλυε ἀπὸ ὡροσκόπον᾽ καὶ ὅπου ἀν ἐκπέσῃ ὁ κλῆρος, σκόπει τὸν κύριον τοῦ κλήρου 
καὶ αὐτὸ τὸ ζῴδιον ἐν ᾧ ὁ κλῆρος ἐνέπεσεν. καὶ εἰ καλῷ τόπῳ ἔτυχεν ὁ κλῆρος καὶ ὁ 
κύριος αὐτῷ δίχα τῆς τῶν κακοποιῶν ἀκτινοβολίας, καλὸν τὸν βίον λέγε: εἰ δὲ εὑρεθῇ 
ὁ κύριος τοῦ κλήρου ἑῷος δυτικὸς μετὰ ἑπτὰ ἡμέρας γενήσεται, ἑῷος ἀνατολικὸς 
κρυπτῶν καὶ λαθραίων πλοῦτον ποιήσει. 


IIb. Ep. IV 1 110-112 as preserved in manuscript B, without emendation. 


᾿Εμοὶ δὲ δοκεῖ ὅτι καὶ ἐπὶ ἑκάστου οἴκου καὶ τόπου βλαπτομένου ὑπὸ Κρόνου, 
“Apes, τὴν βλάβην γίνεσθαι κατὰ τὴν τοῦ οἰκοδεσπότου τοῦ ζῳδίου φύσιν ἔνθα ὁ 
κακοποιὸς ἕστηκεν, καὶ τὰ σημαινόμενα ἀπὸ τοῦ τόπου. 
Κλῆρος βίου κατὰ Δωρόθεον καὶ ἡμέρας καὶ νυκτὸς ἀπὸ τοῦ κυρίου τοῦ β΄ 
τόπου En’ αὐτὸν τὸν β΄, καὶ τὰ ἴσα ἀπὸ ὡροσκόπου. ἐὰν εὑρεθῇ ὁ κύριος τοῦ κλήρου 
μετὰ ζῳδίου ἡμέρας ποιῶν ἑῷαν ἀνατολήν, κρυπτὸν πλοῦτον ἕξει. 
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On the Terms 


Again the ancients, dividing each zodiacal sign into even finer parts, 5 in quan- 
tity, but unequal in size, assigned <them> to the 5 planets and called <them> the terms 
of each of the planets, which also lie in tabular form in the Tetrabiblos of Ptolemy. Their 
power is such: whenever one of the planets should be found in the house of a benefic 
and the terms of a benefic, having a relationship to the nativity, it benefits the <native’s> 
fortune; if it should be found in the house of a benefic and the terms of a malefic, it 
diminishes the good of <his> fortune; but if in the house and terms of a maalefic, it 
injures and darkens <his> fortune. Therefore, the power of the terms changes the 
influence of the planets as we also said in the case of the decans. The natures of the 
bright and shadowy degrees, about which <it was written> at the beginning of 
Hephaestio’s work in which it was outlined in detail about the decans, have not a little 
power whenever the planets, happening to be in them, control the matter that is 
current. 


It seems best to me in the case of each house and <astrological> place that is 
aspected by a malefic to predict injury in accordance with the nature of the lord of the 
zodiacal sign in which the malefic is and <to predict> the things indicated from the 
<astrological> place. 

If you wish to find the Lot of livelihood, take always, night and day, from the lord 
of the second <astrological> place to the second place itself, and count out an equal 
<number of degrees> from the ascendent; wherever the Lot falls, look at the lord of the 
Lot and the zodiacal sign itself into which the Lot fell. If the Lot and its lord happen to 
be in a good place without the aspect of the malefics, say that <his> livelihood is good; 
but if the lord of the Lot should be found eastern <and> setting, it will be after seven 
days, <but if> eastern <and> rising, it will produce a treasure of hidden and secret 
<things>. 


It seems best to me that in the case of each house and <astrological> place that is 
harmed by Saturn <or> Mars injury <is predicted> to occur in accordance with the 
nature of the lord of the zodiacal sign where the malefic stands, and <to predict> the 
things indicated from the <astrological> place. 

The Lot of livelihood according to Dorotheus: by both day and night from the 
lord of the second <astrological> place to the second <place> itself, and an equal 
<number of degrees> from the ascendent. If the lord of the Lot with the zodiacal sign 
is making <its> eastern rising, <the native> will have hidden treasure. 
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IH]. Rhetorius V 58, 38-44. 


IIIa. Anonymus anni 379 as preserved in manuscript E , without correction (see 
CCAG V 1; 201-202). 


ξὰν SE ὡροσκοπῇ ἐπὶ γενέσεως ὁ EV τῷ ἡγουμένῳ ὦμῳ TOD’ Ὠρίωνος ὃς παρανατέλλῃ 
τῇ KC’ μοίρᾳ τοῦ Ταύρου, ἢ ὁ Προκύων ὃς παρανατέλλει τῇ κζ΄ μοίρᾳ τοῦ Καρκίνου, 
ἢ ὁ κοινὸς Ἵππου και ᾿Ανδρομέδας ὃς παρανατέλλει τῇ κα΄ μοίρᾳ τῶν ᾿Ιχθύων, 
κράσεως ὄντες τῆς τοῦ “Apews καὶ τῆς τοῦ ‘Eppod, ποιοῦσι τοὺς οὕτως ἔχοντας 
μάλιστα ἐπὶ νυκτερινῶν γενέσεων στρατηγικούς, δεινούς, δράστας, πολυτρόπους, 
σοφιστικούς, πολυπράγμονας, λογίους, ἀπαραπεύστους, ὀξεῖς δὲ καὶ προσκορεῖς πρὸς 
τὰς ἐπιθυμίας, διαφορεῖς ὄντας παίδων καὶ παρθένων, ἐπὶ ὅρκους. ἐπὶ δὲ νυκτερινῆς 
γενέσεως ὡροσκοποῦντες ποιοῦσι τολμηρούς, ὠμούς, μεταμελητικούς, ψεύστας, 
κλέπτας, ἀθέους, ἀφίλους, ἐπιθέτας, θεατροκόπους, ἐφυβριστάς, μιαιφώνους, 
πλαστογράφους, γόητας, ἀνδροφόνους, οὐ καλῷ τέλει ἐνίοτε χρωμένους, μάλιστα, ὡς 
προείπομεν, ἐπὶ νυκτερινῆς γενέσεως. 


IIIb. V 58, 38-44 as preserved in manuscript R, without emendation. 


Πάλιν ἐν τῷ ἡγουμένῳ άμω TOD ᾿Ωρίωνος, Ταύρου μοίρας KT μ΄, νότιος, μεγέθους 

δευτέρου, κράσεως ἴΑρεως καὶ ᾿ Ἑρμοῦ. 

 Προκύων, μοίρας τρεῖς δεῦ α΄ Καρκίνου, νότιος, μεγέθους α΄, κράσεως ἼΑρεως 
καὶ Eppod. 

Ὃ ἐν τῷ δεξιῷ ὦμῳ τοῦ ᾿Ωρίωνος, Διδύμων μοίρας ξ μ΄, νότιος, μεγέθους β΄, 
κράσεως "Apews καὶ ᾿ Ἑρμοῦ. 

Ὃ κοινὸς Ἵππος καὶ ᾿Ανδρομέδα, ᾿Ιχθύων μοίρας Ka λ΄, βόρειος, μεγέθους β΄, 
κράσεως "Apews καὶ Ἑρμοῦ. 

Ἵππου ὦμος, ᾿Ιχθύων μοίρας & ν΄, βόρειος, μεγέθους β΄, κράσεως “Apews καὶ 
Ἑρμοῦ. 

Οἱ τοιοῦτοι ἀστέρες ἰσομοίρως ὡροσκοποῦντες ἢ μεσουρανοῦντες, μάλιστα καὶ 
τῆς νυκτερινῆς γενέσεως, ποιοῦσι στρατηγούς, δεινούς, δράστας, πολυτρόπους, 
σοφιστικούς, πολυπράγμονας, λογίους, ἀπαρεγκλίτας, ὀξυφώνους, ἐξαπατητάς, 
ἐπιτευκτικούς, ὀξὺς δὲ ἅμα καὶ πρὸς κωρῆς πρὸς τὰς ἐπιθυμίας, διαφθήρωντας ἀθῴων 
καὶ παρθένων, ἐπιόρκους. ἐπὶ δὲ ἡμερινῆς γενέσεως ὡροσκοποῦντες ποιοῦσι τολμηρούς, 
ὠμούς, μεταμελητικούς, ψεύστας, κλέπτας, ἀθέους, ἀφύλλους, ἐπιθέτας, θεατροκόπους, 
ἐφυμβριστάς, μιαιφόνους, πλαστογράφους, ἀνδροφόνους, οὐ καλῷ τέλει ἐνίοτε 
χρωμένους, μάλιστα, ὡς προείπομεν, ἐπὶ ἡμερινῆς γενέσεως. 


IIIc. Hermes, De stellis beibeniis VI (the Pahlavi translation of this treatise and the 
Arabic text of this portion of it are lost; therefore I substitute the Latin translation 
made by Salio of Padua in ca. 1220. I follow the edition by P. Kunitzsch, Hermes 
Latinus IV iv, Turnhout 2001, pp. 76-77). 


Et est alia betbenia in 27 gradu 40 minutis Cancri, septentrionalis, exaltationis secunde, 


de natura Martis et Mercurti. et est alia beibenia in Cancro in 4 gradu et 4 minutis, 
septentrionalis, exaltationis prime, de natura Martis et Mercurii. et est alia beibenia in Pisce in 
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If the <star> in the advanced shoulder of Orion which rises simultaneously with 
the 27th degree of Taurus is in the ascendent in a nativity, or Procyon which rises 
simultaneously with the 27th degree of Cancer, or <the star> common to Pegasus and 
Andromeda which rises simultaneously with the 21st degree of Pisces, being of the 
mixture of Mars and Mercury, make those who are <born> thus, especially in the case 
of nocturnal nativities, fitted for command, dangerous, energetic, shifty, sophistical, 
busybodies, eloquent, not to be seduced (ἀπαραπείστους), sharp and sated in <their> 
desires, corruptors (διαφθήρωντας) of youths and maidens, perjurers (ἐπιόρκους). In 
the case of a nocturnal nativity they, rising, produce (those who are) bold, cruel, full of 
regrets, liars, thieves, atheists, friendless, imposters, courting applause, insolent, mur- 
derers, forgers, manslayers, sometimes not experiencing a good end, especially, as we 
have said, in the case of a nocturnal nativity. 


Again <the star> on the advanced shoulder of Orion, at 27;40° of Taurus, south- 
ern, of second magnitude, of the mixture of Mars and Mercury. 

Procyon, at 3;<10>° of Cancer, southern, of the first magnitude, of the mixture of 
Mars and Mercury. 

The <star> on the right shoulder of Orion, at 5;40° of Gemini, southern, of the first 
magnitude, of the mixture of Mars and Mercury. 

The <star> common <to> Pegasus and Andromeda, at 21;30° of Pisces, northern, 
of second magnitude, of the mixture of Mars and Mercury. 

The shoulder of Pegasus, at 5;50° of Pisces, northern, of the second magnitude, of 
the mixture of Mars and Mercury. 

These stars, when they rise or culminate precisely to the degree, especially <in the 
case of> a nocturnal nativity, produce generals, dangerous men, energetic, shifty, so- 
phistical, busybodies, eloquent, inflexible, speaking sharply, deceivers, successful, but 
sharp at the same time and unsated (G&npooxopeic) in <their> desires, corrupting the 
harmless and virgins, perjurers. In the case of a diurnal nativity they, rising, produce 
<those who are> bold, cruel, full of regrets, liars, thieves, atheists, friendless (ἀφίλους), 
imposters, courting applause, insolent, murderers, forgers, manslayers, sometimes not 
experiencing a good end, especially, as we said before, in the case of a diurnal nativity. 


There is another beibenia in 27 degree<s> 40 minutes of Cancer, northern, of the 
second rank, of the nature of Mars and Mercury. There is another beibenia in Cancer, 
in 4 degree<s> and 4 minutes, northern, of the first rank, of the nature of Mars and 
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21 gradu et 30 minutis, meridionalis, exaltationis secunde, de natura Martis et Mercurit. et est 
alia beibenia in Geminis in 5 gradu et 40 minutis, et est Manus Geminorum, septentrionalis, 
exaltationis prime, de natura Mercurii et Martis. et est alia beibenia in Virgine in 2 gradu et 
21 minutis, meridionalis, exaltationis tertie, de natura Mercurti et Martis. et est alia beibenia 
in <... > gradu Sagittarii, de natura Mercurii et Martis. et est alia beibenia in Pisce in 5 gradu 
et 50 minutis, septentrionalis, exaltationts tertie, de natura Martis et Mercurii. 

Si ergo inveneris aliquam ex istis septem in ascendente vel in decimo in nativitate alicuius, 
et maxime si fuerit nativitas nocturna, natus erit magister militum, ponet se in negotiis, altus 
moribus, multi sensus, sapiens in omnibus et amat sapientiam, et famosus per multas terras, 
amator pecunie et habebit multam pecuniam, et diligit pueros contra naturam et puellas et est 
diversus nature, id est sodomita. sed cuius nativitas erit cum aliqua ex istis de die erit audax in 
omnibus negotiis, pauce pietatis, mendax, irosus, non diliget aliquem, deceptor, non est multum 
subdolus, loquitur de eo omnis male, occisor, falsus in suo testimonio, fictor nam aliud habet in 
corde et aliud loquitur ore. et deus est sapientior. 


ΠΙά. Masha@’allah (lost in Arabic, but translated into Latin by Hugo of Santalla in 
the 1140 in his Liber Aristotilis, edited by C. Burnett and D. Pingree, London 1997, 
Ill ii 2, 31-33). 


Fixarum item alia in xxuli gradu et x! punctis Tauri, in quarto item Cancri gradu et 
xxx punctis potestatis secunde; cetere sunt prime. omnes quidem australes, marcie et mercurialis 
sunt in complexionis statu. quarum quelibet in oriente vel medio celo sub nocturno potissimum 
natali exercitus propalabit ducem—magnanimus quidem erit, prudens, in omni discretus negocio, 
cum pueris et virginibus delectabitur et periurio gaudebit; diurno quidem existente natali, 
promptum, tmpium, mendacem, iracundum, amicorum expertem, subdolum, ociosum, derisorem, 
infamem, homicidam, incantatorem et omnia huiusmodi maleficia sectatur. 


IIe. Abi’ Ma‘shar (787-886), Kitab ahkam al-mawialid (Book of Judgements of Na- 
tivities) IX 1, VI, edited and translated by P. Kunitzsch, Hermes Latinus IV iv, 
Turnhout 2001, pp. 92-95. 


wa unzur ila al-kawkab alladhi ‘ala mankib al-jawza’ fi NH dagiga min al-jawzi’ fi 't- 
tabagat ath-thaniya min ash-sharaf mizaj al-mirrikh wa “ματιά, wa ’l-kawkab alladhi ‘ala 
yamin al-mintaga fi ’t-tabagat al-iila min ash-sharaf mizaj al-mirrikh wa ‘utarid, wa Ἰ- 
kawkab alladhi <fi> KD MH min al-hit fi 't-tabagat ath-thiniya min ash-sharaf mizaj al- 
mirrikh wa ‘utarid, « ... >. fa-idhit wajadta ahad hadhihi al-arba‘ al-kawiatkib fi darajat at-tali¢ 
aw darajat wasat as-sama’ wa Ia styyama li-man yawladu bi-’I-layl fa-inna dhalika al-mawlid 
yakiinu qa@’idan al-juyiish dakhalan fi ‘l-umir al-‘izam agilan basiran bi jami‘ al-ashya’ 
muhibban li-’l-ilm mukhadi‘an muwariban galil al-asdiqa’ yuhza’u bi-'n-nas saffakan li-'d- 
dima’ sahib zur jami‘an li-kull hubb. 
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Mercury. There is another beibenia in Pisces, in 21 degree<s> and 30 minutes, south- 
ern, of the second rank, of the nature of Mars and Mercury. There is another beibenia 
in Gemini, in 5 degree<s> and 40 minutes, and it is the hand of Gemini—northern, of 
the first rank, of the nature of Mercury and Mars. There is another beibenia in Virgo, in 
2 degree<s> and 21 minutes, southern, of the third rank, of the nature of Mercury and 
Mars. There is another beibenia in the < ... > degree of Sagittarius, of the nature of 
Mercury and Mars. There is another beibenia in Pisces, in 5 degree<s> and 50 minutes, 
northern, of the third rank, of the nature of Mars and Mercury. 

Therefore, if you find any of these seven in the ascendent or in the tenth <place> 
in the nativity of someone, and especially if the nativity is nocturnal, there will be born 
a leader of soldiers; he puts himself into enterprises; high in <his> manners, of much 
sense, wise in all <things>; and he loves wisdom, famous throughout many lands, a 
lover of money; and he will have a lot of money; and, contrary to nature, he loves boys 
as well as girls and is perverse in <his> nature, that is, a sodomite. But he whose 
nativity shall occur by day with any of these <stars> will be daring in all <his> 
enterprises, of little piety, a liar, angry; he doesn’t love anyone; a deceiver, he is not 
very crafty; everyone speaks ill of him; a killer, false in his witness, a pretender (for he 
has one thing in his heart and speaks another with his mouth). And God knows better. 


Also one of the fixed <stars> is in 27 degree<s> and 40 minutes of Taurus, also 
another in four degree<s> and 4 minutes of Cancer, a certain one in 5 degrees and 40 
minutes in Gemini, another in Pisces in 21 degree<s> and 30 minutes, of the second 
power; the others are of the first. All are southern <and> in the situation of the mixture 
of Mars and Mercury. Anyone of these in the ascendent or midheaven, especially in a 
nocturnal nativity, will make manifest the leader of an army; he will be magnanimous, 
prudent, discrete in every enterprise; he will be delighted with boys and maidens and 
will rejoice in perjury. When the nativity is diurnal, <it will make him> ready, impi- 
ous, a liar, irritable, lacking friends, crafty, lazy, a mocker, infamous, a murderer, an 
enchanter; and he pursues all evil deeds of this sort. 


(this translation is based on Kunitzsch’s) 

Look at the star which is on the shoulder of Orion, in 58 minutes of Gemini, in the 
second class of distinction, a mixture of Mars and Mercury, and the star which is at the 
right of the belt, in the first class of distinction, a mixture of Mars and Mercury, and 
the star which is <at> 24;48° of Pisces, in the second class of distinction, a mixture of 
Mars and Mercury, < ... >. When you find one of these four stars in the degree of the 
ascendent or the degree of the midheaven, especially for one who is born at night, this 
native is a commander of troops, entering into grand projects, sensible, skillfull in all 
matters, a lover of science, a deceiver, a concealer, having few friends, mocking people, 
a shedder of blood, a master of falsehood, assembling all <sorts> of love. 
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IIIf. Excerpts in Ber. 


Taurus 

28. Πάλιν παρανατέλλει λαμπρὸς ἀστὴρ ὁ EV TO ἡγουμένῳ MUM TOD’ Npiwvos, μοίρας 
κζ μ΄, νότιος, μεγέθους β΄, κράσεως"Αρεως καὶ ᾿ Ἑρμοῦ. 

Gemini 

42. Πάλιν παρανατέλλει λαμπρὸς ἀστὴρ ὁ Ev τῷ δεξιῷ ὦμῳ tod ᾿Ωρίωνος, μοίρας EF, 
νότιος, μεγέθους α΄, κράσεως “ApEws καὶ ᾿ Ἑρμοῦ. 

Pisces 

28. Παρανατέλλει δὲ τούτῳ λαμπρὸς ἀστὴρ ὁ ἐπὶ τοῦ Ἵππου, μοίρας E ν΄, βόρειος, 
μεγέθους β΄, κράσεως Αρεως καὶ ᾿ Ἑρμοῦ. 

159. Πάλιν παρανατέλλει λαμπρὸς ἀστὴρ ὁ κοινὸς Ἵππου καὶ ᾿Ανδρομέδας, μοίρας 
Κα, βόρειος, μεγέθους β΄, κράσεως "Apews καὶ ᾿ Ἑρμοῦ. 


ΠΙΡ. Excerpts from Ep. V 25 (the Liber Hermeétis) 


Gemini 

7. In quinto gradu et minutis viginti sex oritur stella que est in dextro umero Orionis, nature 
Martis et Mercurit. 

Cancer 

4. In secundo gradu et minutis triginta sex oritur Anticanis cum radiis Canis erectus, nature 
Martis et Mercurit. 

Pisces 

3. In quinto gradu et minutis triginta sex oritur umerus Equt, nature Mercurit et Martis. 


ΠΗ. Ep. IV 2, 38-44 as preserved in manuscript B, without emendation. 


κ΄. Ὦμος ἡγούμενος ᾿Ωρίων, Διδύμων a A’, νότιος 16 λ΄, μεγέθους β΄, κράσεως 
"Apews, Ἑρμοῦ, τῇ ς΄ μοίρᾳ Ταύρου. 

κα΄. Προκύων, Καρκίνου ζ ο΄ t¢ λ΄, μεγέθους α΄, κράσεως “Apews, ᾿Ἑρμοῦ, τῇ β΄ 
μοίρᾳ Καρκίνου. 

κβ΄. Ὦμος δεξιὸς ᾿Ωρίων τῇ β΄ Διδύμων, Διδύμων 6 λ΄, νότιος 10 ο΄, μεγέθους α΄, 
κράσεωςΑρεως, Ἑρμοῦ. 

κγ΄. ὁ καινὸς Ἵππου καὶ ᾿Ανδρομέδας τῇ κα΄ τῶν ᾿Ιχθύων, Ιχθύων Ke κ΄, βόρειος 
RG 0’, μεγέθους β΄, κράσεως “Apews, Ἑρμοῦ = 

κδ΄. Ὦμος Ἵππου, ᾿Ιχθύων 6 μ΄, βόρειος λα ο΄, μεγέθους β΄, κράσεως “ApEn, 

Ἑρμοῦ. 

Καὶ οὗτοι πάλιν ἰσομοίρως ὡροσκοποῦντες ἢ μεσουρανοῦντες, μάλιστα νυκτὸς 
δέ, ποιοῦσι στρατηγούς, δεινούς, δράστας, πολυτρόπους, σοφιστικούς, πολυπράγμονας, 
λογίους, ὀξυφώνους, ἐξαπατητάς, ἐπιτευκτικούς, ὀξεῖς 5’ ἅμα καὶ ἀπροσκορεῖς πρὸς 
τὰς ἐπιθυμίας, ἀσελγεῖς, ἐπιόρκους. εἰ δὲ ὡροσκοποῦσιν, τολμηρούς, ὠμούς, 
μεταμελητικούς, ψεύστας, κλέπτας, ἀθέους, ἀφίλους, ἐπιθέτας, θεατροκόπους, 
ἐφυβρίστους, μιαιφόνους, πλαστογράφους, γόητας, βιοθανάτους πολλάκις. 
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(Taurus). Again the bright star on the advanced shoulder of Orion rises simulta- 
neously, at 27;40°, southern, of the second magnitude, of the mixture of Mars and 
Mercury. 

(Gemini). Again the bright star on the right shoulder of Orion rises simulta- 
neously, at 5°, southern, of the first magnitude, of the mixture of Mars and Mercury. 

(Pisces). There rises simultaneously with this the bright star in Pegasus, at 5;50°, 
northern, of the second magnitude, of the mixture of Mars and Mercury. 

Again the bright star common to Pegasus and Andromeda rises simultaneously, 
at 21°, northern, of the second magnitude, of the mixture of Mars and Mercury. 


(Gemini). In the fifth degree and twenty-six minutes there rises the star which is 
on the right shoulder of Orion, of the nature of Mars and Mercury. 

(Cancer). In the second degree and thirty-six minutes rises Anticanis erect in the 
rays of Canis, of the nature of Mars and Mercury. 

(Pisces). In the fifth degree and thirty-six minutes rises the shoulder of Pegasus, of 
the nature of Mercury and Mars. 


20. The advanced shoulder, Orion, Gemini 1;30, southern 17;30, of the second 
magnitude, of the mixture of Mars, Mercury, <rising simultaneously> with the 6th 
degree of Taurus. 

21. Procyon, Cancer 7;0, <southern> 16;30, of the first magnitude, of the mixture 
of Mars, Mercury, <rising simultaneously> with the 2nd degree of Cancer. 

22. Right shoulder, Orion, <rising simultaneously> with the 2nd degree of Gemini, 
Gemini 9;30, southern 17;0, of the first magnitude, of the mixture of Mars, Mercury. 

23. The star common (κοινός) to Pegasus and Andromeda, <rising simultaneously> 
with the 21st <degree> of Pisces, Pisces 25;20, northern 26;0, of the second magnitude, 
of the mixture of Mars, Mercury. 

24. Shoulder of Pegasus, Pisces 9;40, northern 31;0, of the second magnitude, of 
the mixture of Mars, Mercury. 

These <stars> again which rise or culminate precisely to the degree, especially at 
night, produce generals, dangerous men, energetic, shifty, sophistical, busybodies, 
eloquent, speaking sharply, deceivers, successful, but sharp at the same time and 
unsated in <their> desires, lustful, perjurers. If they are rising, <they produce those 
who are> bold, cruel, full of regrets, liars, thieves, atheists, friendless, imposters, court- 
ing applause, insolent, murderers, forgers, magicians, frequently dying violently. 
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Illi. Theophilus, <' AxoteAcopatixd > 17, edited by F. Cumont in CCAG V, 1, pp. 
214-217; the passage cited is on p. 216. 


Πάλιν ὁ Ev τῷ ἡγουμένῳ ὦμῳ tod 'Qpiwvoc Διδύμων ὅ β΄, νότιος, μεγέθους B” καὶ 
ὁ Προκύων Καρκίνου μοίρας ξ μδ΄, μεγέθους β΄- καὶ ὁ ἐπὶ τῷ δεξιῷ ὦμῳ τοῦ ᾿Ωρίωνος 
Διδύμων μοίρας ῆ κ΄, νότιος, μεγέθους a’ καὶ ὁ κοινὸς Ἵππου καὶ ᾿Ανδρομέδας 
᾿Ιχθύων μοίρας κδ,, βόρειος, μεγέθους β΄- καὶ Ἵππου ὦμος ᾿Ιχθύων μοίρας 7 λ΄, βόρειος, 
μεγέθους β΄. οὗτοι οἱ πέντε κράσεώς εἰσιν ἼΑρεως Kai‘ Eppod. 
Συγκεντρούμενοι οὖν καὶ συνανατέλλοντες τοῖς φωστῆρσι σημαίνουσιν ἐν ταῖς 
καταρχαῖς στρατηγέτας πολεμικούς, μηχανικούς, δολίους καὶ ὠμοὺς καὶ ψεύστας 
καὶ ἀναιρέτας καὶ ἀνδροφόνους καὶ οὐ καλῷ τέλει κεχρημένους. 


IV. Julian of Laodicea on war. 
IVa. VI 47, 1-2 as preserved in manuscripts R, E, and V. 


Πάλιν οἱ μὲν ἐπιόντες ἀπὸ τοῦ ὡροσκόπου ληφθήσονται, οἷς δὲ ἐπίασιν ἀπὸ τοῦ 
δύνοντος, τὸ αἴτιον ἀπὸ τοῦ μεσουρανήματος, ἡ ἔκβασιςΣ ἀπὸ τοῦ ὑπογείου. τὰ 
φρούριαϑ δὲ ἑκάστου καὶ τὰς συμμαχίας olf περιέχοντες τοὺς τόπους δηλώσουσιν. 
καὶ" ὑψούμενοι μὲν ἢ προστιθέντες πρόσθεσιν αὐτοῖς σημαίνουσιν, ταπεινούμενοι δὲ 
ἢ ἀφαιροῦντες καθαίρεσιν. 

1. δυτικοῦ E 2. ἔκβασιν R 3. τοὺς φρουροὺς E 4. εἰ R 5. καὶ om. Ε. 


IVb. Theophilus, Πόνοι 36, 1-2 as preserved in manuscript P. 


Οἱ μὲν ἐπιόντες ἀπὸ τοῦ ὡροσκόπου ληφθήσονται, οἷς δὲ ἐπίασιν ἀπὸ tod δύνοντος, 
τὸ αἴτιον ἀπὸ τοῦ μεσουρανήματος, ἡ ἔκβασις ἀπὸ τοῦ ὑπογείου. τὰ ἀφρούρια ἑκάστου 
καὶ τὰς συμμαχίας οἱ παρέχοντες τόνδε τόπον δηλῶσιν- καὶ ὑψούμενοι μὲν ἢ 

“προστιθέντες πρόσθεσιν αὐτῆς σημαίνει, ταπεινούμενοι δὲ ἢ ἀφαιροῦντες καθαίρεσιν. 


IVc. Mash2’ allah 20 as preserved in Laleli 2122 bis. 


Fi ‘Il-hurib wa ghayriha 

gala masha’allah: idha su’ilta ‘an harb fa-ktna as-sa’il huwa al-mughni bi-'l-amri 
yalzumuhu khayrihi wa sharrihi wa salahihi wa fasadihi mithl al-malik wa ’l-ql’id. fa-unzur li- 
hi min at-talit wa sahibihi wa liadttwihi min an-nazir wa sahibihi. thumma uj‘ul al-munsarif 
‘anhu al-qamar ‘awnan li-’l-nazir wa sahibihi. thumma unzur ila al-kawakib ayyahuma ajwad 
mawdran wa aqua dalilatan wa akthar shihtdatan fa-huwa al-ghalib. wa lam anna an-nujitm 
al-ulya aqwa min an-nujiim as-sufla. 


48 


From Alexandria to Baghdad to Byzantium. The Transmission of Astrology 


Again <the star> on the advanced shoulder of Orion at Gemini 0;2°, southern, of 
the second magnitude; Procyon at Cancer 5;44°, of the second magnitude; and <the 
star> on the right shoulder of Orion at Gemini 8;20°, southern, of the first magnitude; 
and <the star> common to Pegasus and Andromeda at Pisces 24°, northern, of the 
second magnitude; and the shoulder of Pegasus at Pisces 8;30°, northern, of the second 
magnitude. These five are of the mixture of Mars and Mercury. 

Therefore, being in a cardine and rising with the luminaries they indicate in 
initiatives warlike generals, resourceful, treacherous and cruel and liars and murder- 
ers and manslayers and not experiencing a good end. 


Again those attacking will be found from the ascendent, but those whom they 
attack from the descendent, the cause from the midheaven, the outcome from the 
<cardine> beneath the earth. Those <planets> occupying <these astrological> places 
will indicate the forts and the allies of each; and <the planets> raised up <to their 
exaltations> or increasing <in their equations> indicate an increase for them, but those 
lowered <to their dejections> or diminishing <in their equations> a loss. 


Those attacking will be found from the ascendent, but those whom they attack 
from the descendent, the cause from midheaven, the outcome from <the cardine> 
under the earth. Those <planets> occupying this <astrological> place indicate the 
ungarrisoned <places> and the allies of each; and <the planets> raised up <to their 
exaltations> or increasing <in their equations> indicate an increase of it (feminine), but 
those lowered <to their dejections> and diminishing <in their equations> a loss. 


On Wars and the Like 


Masha’ allah says. If you are queried about a war, the querist who is capable in the 
matter—his good, his evil, his health, and his corruption cling to him—is like a king 
and a leader. Look for him from the ascendent and its lord, and for his enemy from the 
opposite <sign> and its lord. Then make <the planet> from which the Moon is reced- 
ing a helper for the opposite <sign> and its lord. Then look to the two planets— 
whichever of them is better in its position and more powerful in its indication and 
more abundant in its aspects, it is the victor. Know that the superior planets are more 
powerful than the inferior planets. 
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IVd. Mash2’allah 20 in a Byzantine translation as preserved in manuscript V. 


Fi ἐρωτηθεὶς παρὰ στρατηγοῦ ἢ παρά τινος ἔχοντος φροντίδα τοῦ πολέμου, λάβε 
τὸν μὲν καταρχόμενον ἀπὸ τοῦ ὡροσκόπου (ἤγουν τὸν ἐρωτῶντα), ἀπὸ δὲ τοῦ ἑβδόμου 
τὸν ἐχθρόν. καὶ εἰ μὲν ἀπορέει τινὸς ἀστέρος ἡ Σελήνη, συνάπτει δὲ ἑτέρῳ ἀστέρι, 
λάβε τὸν μὲν ἀφ οὗ ἀπέρρευσεν ἡ Σελήνη ἀστέρα εἰς τὰ τοῦ ὡροσκόπου, ᾧ δὲ συνάπτει 
εἰς τὰ τοῦ δύνοντος. Γνῶθι δὲ καὶ τοῦτο, ὡς οἱ ὑψηλοὶ ἀστέρες δυνατώτεροί εἰσι τῶν 
περιγείων. 


0 Critodemus 
Balbillus 
Dorotheus 
100 con 
Antiochus Ptolemy 
Valens 
200 
Porphyry Serapion 
300 
Paul Pu 
400 Anonymous Scholia 
Heliodorus 
Julian 
Hermes Zeno's Olympiodorus 
500 Astrologer Ἢ Eutocius 
600; V 1-53 V 54-112 ν113-117 VI1-23 VI 24-40 VI42-51 ΝῚ 52 


Schematic overview of Rhetorius’ sources 
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If you are asked by a general or someone who is anxious about war, take the 


initiater (that is, the querist) from the ascendent, the enemy from the seventh <astro- 
logical place>. And if the Moon is receding from some planet and is conjoining with 
another planet, take the planet from which the Moon was receding for the things 
<indicated by> the descendent. And know this also, that the superior planets are more 
powerful than those near the earth. 


700 


800 


1100 


1200 


1300 


Rhetorius 


Theophilus 


Masha’all tephanus 


philys 


Ps.-Porphyry Ep. Il Ep IV 


Ep. IIIb 


Ep. Ib Ep. Illa 


Ep. Ila 


Schematic overview of the reception of Rhetorius 
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Zero and the Symbol for Zero in Early 
Sexagesimal and Decimal Place-Value Systems 


DAVID PINGREE 


In the early second millennium B.C. Mesopotamian mathematicians 
used a place-value system of notation with base sixty. Using two wedges 
impressed on clay — a vertial Y for one and a sideways <{ for ten, they 
could express by the addition of symbols every number from one to nine 
and from ten (plus one to nine) to fifty (plus one to nine); after fifty-nine 
WI yv7v 

-- «ἰὴ τὸ — they returned again toy, meaning now 1 x 60. 
Since these numerical forms could be extended infinitely both as integers 
and as fractions, the symbol Y could mean, depending on context, 1, 1 
x 60, 1 x 607, 1 x 60%, ... 1 x 60°, or 1/60, 1/60’, 1/60°, . . . 1/60". In the 
earliest usage of this system, there was no expressed symbol 
corresponding to an empty sexagesimal place; instead, the Babylonians 
often avoided confusion by simply leaving an emtpy space between two 
symbols: e.g.,q YY would be read 12, butg YY10, 2 = 602. There was 
no way to write the equivalent of 10, 0, 2 = 36,002; such a number could 
only be recognized from context. 

In the period between the late eighth and the late sixth centuries 


«- 
B.C., some scribes began to use a punctuation mark, S or, «1. that 


indicated a stop or separation as the separator of fen or any multiple of. 
ten and of one or any other number up to nine when they were in two 


sexagesimal places; thus, 10, 2 would be writteng Y Y. But they 


also began to use this same symbol to change, for example, Y Ywhich 
was either 2, 10 = 130 or 2, 0, 10 = 7210, etc. into the unambiguous 


YY > <{ » 2,0, 10. Here was first developed a concrete symbol indicating 
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that there was no number occupying a place in a place-value system 
(see Neugebauer, 1934-1935, vol. 1, pp. 72-73 [no. 27], and Neugebauer- 
Sachs, 1945, pp. 34-35 [no. 33]). 

This symbol was widely though not universally employed in 
Babylonian astronomical tables of the last three centuries B.C., in both 
meanings (see Neugebauer, 1941 and 1955), but the scribes often 
assumed that the arithmetical structure of the table would guide the 
reader to the correct interpretation of an ambiguous number. When 
it was necessary to name an empty sexagesimal place, the Akkadian 
words used were nu tuk, meaning “nothing”, the exact equivalent of the 
Greek Pas) US 4 V which translates it, and of the Latin nihil, but not of 
the Sanskrit sinya and its Arabic derivative, sifr, both of which signify 
“empty”. 

Beginning in the second century B.C. Babylonian astronomical 
tables and parameters written in this fashion began to be translated 
into Greek. The Greeks used the letters of their alphabet to indicate 
numbers, with one letter corresponding to each number from one to 
nine, one letter for each number from ten in multiples of ten to ninety, 
and one letter for each number from one hundred in multiplies of a 
hundred to nine hundred, so that twenty-seven letters expressed all 
numbers up to 999, after which the sequence repeated itself. Thus, the 
three letters TE € (300 + 60 + 5) meant 365, for which the Babylonians 


wroteyy y SF (6, 5). The Greeks continued to use their traditional 


system to write integers in astronomical tables, but for the sexagesimal 
fractions they wrote the number in each sexagesimal place in their 
alphabetical notation; thus for 365 + 14/60 + 48/607, which modern 
historians write in the form 365; 14, 48. Greek papyri of the period 
immediately preceding and following the beginning of the common era 
demonstrate that, by using vertical dividing lines such as are also used 
in Sanskrit manuscripts to separate the sexagesimal places, they 


removed all ambiguities: T_© EMS Ιμμ But they did not leave an empty 
sexagesimal place blank; rather, they filled it with an adaptation of the 
Akkadian symbol for zero, = ; this adaptation looks like a circle with a 


bar over it: © or 6 (see Jones, forthcoming). This, then, is the origin 
of the form of the symbol for zero as a circle. It is necessary to note 
that this form of zero was known, through a translation of Greek 
astronomical tables into Latin, in Western Europe before the introduction 
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of the Arabic adaptation of the Indian numerals (see Pingree, 
forthcoming). The Romans, following the Greek practice, wrote 
the integers as decimal numbers, the fractions as sexagesimals; 
thus, V4 δὶ = CLIO X = 152; 0, 10. 

In India there is evidence in Buddhist and Jaina texts of uncertain 
date, but near the beginning of the common era, that a decimal place- 
value system was in use (see Gupta, 1995), but there is no certain evidence 
that a symbol for zero was in place before the fifth century A.D. However, 
it is likely that the notational system used in the tables versified in the 
Paficasiddhantika of Varahamihira — e.g., in the Sine table in IV 6-15, in 
which the Sines are expressed as units and (sexagesimal!) minutes and 
seconds with zeros in empty places, or the tables of solar and lunar 
equations in VIII 3 and 6, from the Romakasiddhanta, using the same 
system — reflects the translation of these tables from Greek into Sanskrit 
in the third or fourth century A.D. (see Neugebauer-Pingree, 1970-1971). 
This hypothesis of a Greek origin is highly plausible not only because 

' the contents of the tables and their contexts are Greek, but also because 
the system of notation used by Varahamihira precisely corresponds to 
that found in the Greek papyri and medieval manuscripts. All later 
Sanskrit manuscripts of astronomical texts and tables also universally 
employ the same system. Since these tables in the Paricasiddhantika were 
based on translations from the Greek, they in all likelihood used the 
Greek form of the symbol for zero in their sexagesimal fractions. 

Exactly when this symbol began to be used in a decimal place-value 
system is difficult to know because of the lack of documents from the 
crucial period and the uncertainties regarding the dates and the 
interpretation of the texts that may be referring to such a symbol. The 
first indisputable reference, I would suggest, is in the Paitamahasiddhanta 
of the Visnudharmottarapurana (see Dvivedin, 1912), where zero in decimal 
numbers is indicated not only by two words meaning “empty” — stinya 
and kha (the empty sky) — but also by two words that imply rotundity 
— piirna, “the full (moon),” and puskara, “a lotus”. Ihave argued elsewhere 
that the date of the Paitamahasiddhanta is about A.D. 425 (see Pingree- 
Morrissey, 1989, and Pingree, 1993). 

The following facts concerning the steps in the development of a 
decimal place-value system in India can, I believe, be accepted by all. 


1. The numbers in Sanskrit, as in other Indo-European languages, are on 
base ten. , 
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2. A decimal place-value system in which counting high numbers was 
achieved by placing counters in a “units pit” indicating units, in a “tens pit” 
in which they indicated ten each, ina “hundreds pit” in which each indicated 
a hundred, etc., was being employed in India, especially among Jainas and 
Buddhists, towards the beginning of the common era (see Gupta, 1992 and 
1995). 


I would tentatively suggest some further steps. 


3. The number of counters in each “pit” would naturally be indicated by 
a number between one and nine even though each counter in, say, the 
“hundreds pit” stood for a hundred. This would encourage the writing of 
those numbers with a sequence of numerals such as 365. However, some 
“pits” would be empty (siinya). If the numbers were written down as words 
or as numerals, these empty “pits” would be called by a word meaning 
“empty”, such as sinya, which is itself the symbol for zero. 

4. At the beginning of the common era Greeks appeared in India in large 
numbers, bringing with them, among other things, astronomical tables in 
which, in the sexagesimal fractions, the “empty” places were occupied by 
a circular symbol for zero such as are found in the Greek papyri of that 
period. 

5.In translating these tables into Sanskrit, the symbol was taken over 
as a circle (pirna) or a dot (bindu). | 

6. At some time in the period before A.D. 400, someone writing numbers 
in the decimal place-value system with numerals, used the sexagesimal 
symbol for zero instead of writing sinya. 

At this point India had two place-value systems using the same 
numerals and the same symbol for zero, while in the West there was 
only one’ place-value system, the sexagesimal and it was employed only 
to represent fractions in astronomical texts and tables. Moreover, the 
numbers other than zero were written by the Greeks with twenty-seven 
alphabetical symbols and by the Romans with seven symbols that they 
came to regard as letters (I V X LC DM). The Arabs in the ninth century 
learned the Indian numerals with zero and used them in mathematics, 
but they continued to use their abjad (alphabetical) symbols and 
sexagesimal fractions with zero in astronomical texts and tables. Similarly 
when Western Europeans learned the Indo-Arabic numerals with Zero in 
the twelfth century, they replaced the Roman numerals with them in all 
contexts, but they continued to use sexagesimal fractions in astronomical 
texts and tables. What they forgot was that those astronomical fractions 
had been for centuries written with zeros. 
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OBSERVATIONAL TEXTS CONCERNING THE PLANET MERCURY 


by David Pineree and Erica REINER 


Our forthcoming edition of the planetary omens of the series Enima Anu Enlil 
will include Tablet 63, the so-called Venus Tablet. This tablet. derives predictions from 
the dates of the disappearances, durations of invisibility, and dates of the first visi- 
bilities of Venus. Among the fragments preliminarily assigned to this tablet on the 
basis of the terminology used, there was one which contained a period of invisibility 
that Asgar Aaboe, to whom it was first shown, recognized to be too short for the planet 
Venus, but possible for Mercury. Further search among similar material identified 
two more fragments, and A. Sachs drew our attention to BM 37467. It became clear 
not only that these tablets do not pertain to Venus, but also that they contain no 
omens. Therefore, and also for their intrinsic interest for the history of astronomy, 
we deemed it more appropriate to publish them separately. 

~~ The four fragments are BM 37467 and K.6153, in Babylonian script, and ~ 
Rm.2,303 and Rm.2,361, both in Assyrian script, and parts of different tablets. The 
last three belong to the Kuyunjik collection of the British Museum; all four are here 
published with the permission of its Trustees. 

The texts record in each section (in months and days) a date of the first visi- 
bility, the duration of visibility, and a date of disappearance of a planet. In some 
cases the subsequent duration of invisibility is also recorded. Since the first visibilities 
occur alternately in the East and West, the planet must be either Venus or Mercury. 
And, since the attested periods of visibility and invisibility range from 22 days to 
45 days, the planet must be Mercury. 

In Tablet 56 of EAE there is a section parallel to these texts (TCL 6 16:35-43 
and dupls., see provisionally ZA 52 252:96-104). Therein the protasis of the omen 


(lines 96-98) involves the first visibility of Saturn, its period of visibility (one year), 
and its disappearance, and predicts a period of invisibility of twenty days, if the 
planet is red. The next section (lines 99-104) gives a similar omen mvolving Biot 
Our texts are probably to be chet ola with this type of astr al omen. 
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In addition to the dates of first visibility, the texts edited here give the time- 
interval between first. visibility and sunrise in the East, and between sunset and first 
visibility in the West. This is expressed in the hitherto unattested phrases—time 
being expressed in v8, i. e., thirtieths of a double hour (béru )—x vs GUB tuTU GAR-ma, 
“the sun being x τ to the left’’, for the first case, and K1.TA(-nu) στ x US GAR-ma, 
“the sun being x us below’, for the second. Presumably these directions are given with 
respect to Mercury, though it is not impossible that they are given with respect to the 
horizon. Although the exact Akkadian reading of these phrases is uncertain—note 
that “left”? occurs between the number of u$’s and ‘‘the sun’’, while ‘‘below”’ precedes 
both “the sun’ and the number of vus’s—this interpretation imposes itself, and must 
be posited also for the slightly divergent variant x οὐ ina cts ‘uru [Gar-ma] of 
Rm.2,361 rev. 2. 

Since three of these tablets come from Kuyunjik, even though no dated colophon 
is preserved, these observational texts are older than the seventh century B.c. Though 
they show that astronomers of this early period were interested in the phenomena of 
Mercury that became the structural basis of the mathematical theory of that planet 
in the Seleucid period, the data in the texts could not be used to construct such a 
mathematical model for Mercury’s motion because, at least in the preserved portions, 
they are not precisely dated with respect to any epoch-date. Unfortunately the frag- 
mentary state in which they are preserved makes it impossible for us to date them 
astronomically. The observational texts concerning Mercury in LBAT (nos. 1368- 
1385) differ from those here edited in giving the precise date which is needed for 
mathematical astronomy. 


TEXTS 


1. Rm.2,361. Assyrian script. Possibly a two-column tablet; only the right-hand 
columns are preserved. Obverse and reverse have been assigned according to 
content, though the side here taken as reverse is also flat. 

§ I obv. ii? 1’ [x ami ina an-e uh-hja-r[am-ma] 


Sit 2’ [p18 ina 1ΤῚ MN 4GUD.UD UD.X.KAM ina “UTU.SU.A 
KI.T]A-nu “utu 10 vs [GAR-ma] 
3’. (ser-ir (...) | 


22 uyzmi ina “[uTU.8s0.4 DU-ma] 
4’ [up.x.KAM $a 11 MN] ina ‘uru.80.4 TUM-ma 


rev. if 1 [x timi ina an]-[e] uh-ha-[ram-ma] 
§ III 2 [p18 ina ITI MN “GuD.UD UD.xX.KAM ina τὺ]. 5 


us ina GUB “‘uTU [GAR-ma] 
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iet-ir (...) 1τ|1 up.8.KAM ina 4uTU.E [DU-ma] 


[UD.X.KAM $a ITI ΜΝ] ina °UTU.E [TUM-ma] © 


Ὁ. [x imi ina an-e] ub-ba-r[am-ma] 


inc nnin τυ κκσσσσστωυ... ΦΌΣ ΟΥΘΟΟΟΘΟΡΟΡΟΝΟΟΟΟΝΟΜΟΝΝΗΝΝΑΜΝΝΝΝΝΝΝΝΟΝΟΝΝΝΝΝΝΑΝΘΝΝΝΜΝΜΟΝΝΝΝΜΝΗΝΝ 


§ IV 6 [pr$ ina ΙΤῚ MN ‘GuD.UD UD.x.KAM ina “uTU.8U.A 
KI.TA|-nu ‘uTu } KAS.Gip [GAR-ma]| 


7 [ποτ (...) x imi ina ‘utu.8t].[a] pu-ma [τὺΜ] 


8 [8 ... %cu|p’.up δά MU.AN.NA 


ΟΞ ΞΞ-----ΞΞΞ-ΞΞΞ-ΞΞᾳῤῤΞ--«ι---- 


9 traces 
break 


Translalion 


Visibility in the East; broken, but traces suggest similar structure as in the other 

paragraphs. 

§ II [In mw on the nth day Mercury becomes visible in the West], the sun [being] 10 us 
(bellow, [and remains] in the [West] for 22 days, and then disappears in the West [in mn 
on the nth day); it remains invisible [for n days). 

§ III [In mn on the nth day Mercury becomes visible] in the East, the sun [being] ὃ v5 to the 
left, [and remains] in the East for one month and 8 days, [and then disappears] in the 
East [in mn on the nth day); it remains invisible [for n days). 

§ IV. [In mn on the nth day Mercury becomes visible in the West], the sun [being] one-half 

béru (i. e., 15 us) [bellow, and remains in the West [for ἢ days]. 


Subscript: [8 sections... of] Mercury for the year. 


Notes 


Note that the phrase indicating the duration of invisibility, i. ¢., the phrase ‘il remains 
invisible for n days’’, is set off from the observation record by a dividing-line on the tablet. That 
this phrase belongs with the preceding is shown by the connective particle -ma at the end of the 
preceding line which is preserved in § II (obv. 47 and has accordingly been restored in the corre- 
sponding line rey. 4 (8 IIT). 

The phenomena of section IV were not completed at the end of the year, and therefore that 
sentence differs from the preceding. As each pair of complete sections constitutes a synodic 
period of Mercury, which would average about 116 days, there must be 6 complete sections in 
a year plus a fraction. Our 8 ΓΝ represents part of that fraction; unless Mercury was first visible 
in the West at the beginning of the year, the first paragraph for the year would be the end of a 
section on a visibility in the East followed by a period of invisibility. 


2. K.6153. Babylonian script. Part of obverse and traces of two lines on the reverse 
preserved. 
81 J’ [p18 ina itt ΜΝ “GUD.UD UD.x].KaM ina “luTru.& xX US GUB 
‘UTU GAR-Ma IGI-ir] 
2’ [x imi ina ‘uTU.& DU-ma UD.x.KAM Sa] ττὶ Su ina “uTu./E| 
‘itbal x imi ina Samé uhharamma| 
§ Il 3’ [p1$ ina 1T1 MN “GUD.UD UD.x].KAM ina ‘uTU.3U.A KI.TA 
[ὖτῦᾶ΄ x US GAR-Mma 161-11] 
Revue d' Assyrialogie, LX IX* 
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[x imi ina] ‘uru.8G.a pu-ma up.15.[kam $a ITI MN ina ‘uTU.8U.A 
itbal x imi ina Samé uhharamma| 


Aamnaenceceannansanaaascaauninncnemmmnnnananntns « peaesauenocaie 


[p18 ina IT] MN ‘GUD.UD UD].26.KaM ina ‘uru.& 5 υἱέ αὐ fuTU 
GAR-ma IGI-ir] 
[1c1.6.GAL KAS.G]ip ana κυ “uTU KUR-ha 1 US (read 111) ina 
‘furu.& DU-ma UD.X.KAM| 
($a ITI MN ina “\uTU.# it-bal 1 1τὶ up [ina Samé uhharamma) 
(p18 ina ITI MN “GuD.uUD] UD.13.KAM Ina ‘uTU.S8G.Aa K[1.TA 4UTU 
x US GAR-Ma IGI-Ir] 
es ] EN.NUN “U[SAN ... 
] fit*]-[bal 
break 

Translation 


[In mn on the njth [day Mercury becomes visible] in [the East, the sun being n vs te the 
left, and remains in the East for n days, and then disappears] in the East [on the nth day" 
of month IV; [it remains invisible for n days]. 

[In ΜΝ on the njth [day Mercury becomes visible] in the West, [the sun being n vu] below, 
and remains in the West [for n days, and then disappears in the West] on the 15th [of 
MN; it remains invisible for ἢ daysi. 

[In ΜΝ on the] 26th day (Mercury becomes visible] in the East, [the sun being] 5 τὲ 
[to the left], and it rises [one-sixth of] a béru (i. e., Ὁ us) before (lit. toward) sunrise; 
1 uS (read month) in the [East it remains], and then disappears in the East [in Mn 
on the nth day; it remains invisible] for one month [{and n days?)]. 

{In ΜΝ] on the 13th day [Mercury becomes visible] in the West, [the sun being n τ 
belojw, [...] the evening watch [...] disappears [.. .]. 


Noles 


§§ If] and IV contain supplementary records of the Lime of first visibility not preserved 
elsewhere in this tablet or in the other texts of the group, with the possible exception of 
Text 3 § 111. There is, therefore, some uncertainty in our restorations of these sections. 

3. Rm.2,303. Neo-Assyrian script. Two-column tablet, only one side preserved. 
δ col, 1΄ traces 
2’ [x timi ina ‘uTU.SU.A DU-ma UD.X.KAM ὅδ ITI MN ina] 
ἄστυ. ὅσ. α it-ball] 


3’ |x timi ina Samé ujb-ha-ra-am-ma 


[DiS ina ITI MN "GUD.UD UD.xX.KAM ina ‘uru].[&] 10 
us GUB 4UTU GAR-ma 

[ΟῚ x imi ina “uTU.E DU|-ma UD.26.KAM $a ITI.Su 
[ina ‘uru.& itbal] 1 itt 15 u,-mi ina aN-e zaL-ma 


[τὸ ina ITI MN “GUD.UD UD.X.KAM ina ‘uTU.8G].A κι. Τὰ 
‘utu 10 US GAR-ma IGI-ir 
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uz-mi ina ‘uTU.SU.A DU-ma 
[UD.X.KAM ὅδ ITI MN ina 4uTU.8UG]./4] it-bal 22 u,-mi 
ina AN-e ZAL-ma 


¥ 


[p15 ina ITI MN “GUD.UD UD.x.KAM ina ‘uTU.&]}! 7 us 
[cts ‘uTru GAR-ma 1Gl]-[ir’] 


p18 ina 171 [ 
{u/ TU 

οἱ 

BE-ma [ 


p18 ina {{Ὶ 
BE-[ma] | 
break 


Translation 


[In mn on the nth day Mercury becomes visible in the West, the sun being n τὲ below, 
and remains in the West for n days, and then] disappears [in] the West [in mn on the 
nth day]; it remains invisible [for n days’. 

[In MN on the nth day Mercury becomes visible in the E]ast, the sun being 10 us to the 
left, [and remains in the East for n days], and then [disappears in the East] on the 26th 
of month IV; it remains invisible for one month and 15 days. 

[In mn on the nth day Mercury] becomes visible [in the Wiest, the sun being 10 v& below, 
[...] ..., [and] remains in the West for 23 days, and then disappears [in the West 
[in mn on the nth day]; it remains invisible for 22 days. 

[In mn on the nth day Mercury becomes visible in the East, the sun being) 7 v8 [to 
the left]-- 


Notes 


Although the two preserved sections comprise three lines each, the division of the content 
among the three lines differs from § Il] to § Ill; 8 ΓΝ may have comprised four lines. Therefore 
it is impossible to restore the missing half line in § III. The fully preserved sign is &¢, and the 
preceding partly preserved sign (the top half of a vertical wedge) is possibly also δύ or the remains 
of the sign uru. A further problem is posed by the line beginnings of column ii; again, the sections 
seem to be of unequal length (the fully preserved middle section has 4 lines, the others are only 
partly preserved). The last line of §§ V and VI, and the last preserved, possibly last, line of § VII 
begin with BE-ma, i. e., Jumma ‘if’. It is of course uncertain whether column ii still deals with 
Mercury. 


1. Traces are compatible with &. 
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. BM 37467. Neo-Babylonian, transliterated by A. Sachs, collated. 
I ες 
1 | 37 uymu ina an-[e] [ 


[ 
[ 
f 
ἰ, 
[ 


] IGI ana IGI BAR SAL+[ 


|x x/[ 
break 
Notes 


§ II. The figure of 37 days refers to the duration of visibility of Mercury, followed by a 
statement concerning a period of invisibility of 12 (possibly 22) days. The preceding § I may 
have contained the record of visibility in the West; the last preserved lines do not fit readily 
into any of the observed patterns of this text group. 
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A Neo-Babylonian Report on Seasonal Hours 


By David Pingree (Providence) and Erica Reiner (Chicago 
. oS - 


Κ. 2077 - 3771 is described in Bezold’s Catalogue as «part of an astrological text» and was 
consequently studied for possible inclusion in Erica Reiner’s forthcoming edition of παρα Anu 
Enlil, Bezold had already drawn attention to the «squares» with figures, eight on the reverse, but 
only two preserved on the obverse, and these «quares with figures» pointed to a text more astro- 
nomical than astrological in character. 

David Pingree, when Erica Reiner showed him her transliteration of the text, recognized 
that the text deals with the lengths of seasonal hours, and that the «squares» represent a table of the 
lengths of seasonal hours for every fifteenth day of an «deal» solar year of 360 days. The missing 
portions of the table could therefore be reconstructed. When subsequently the fragment K. 11044 
was joined to K. 2077-+-, the newly gained portions confirmed Pingree’s reconstruction not only 
of the table, but also of its description in the first four lines of the reverse. The difficulties presented 
by the remaining ten lines of the reverse, however, remain substantial. 

The text is here presented in transliteration and translation. The astronomical commentary 
is by David Pingree. Moreover, the presentation and the philological commentary have greatly 
benefited from discussions with David Pingree. 

This edition is dedicated to the memory of Professor Ernst Weidner, whose pioneer work on 
the series πῆγα Anu Enlil had aided and inspired us in our undertaking. 


3, 4, 


BRITISH ΠΡ 


; 


KK 20774-3771 -+- 11044 
Obv., Rev., Lower Edge 
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Ub MO ὦ oyy ἢ wy Ϊ 


[ΠῚ SE aa ¢ 
[uvo 01] So 61. 
[UV 05] $A ST. 
[ayo 0ὲ $a Lu | 


DMM VIN p 1 ἡ ωτ [ἢ ὃ 
LAZIV AT "Ari vil 6 
Ἵ 


Ἵ : , rf Ae 386 BS Be UDMA ‘fag “NO TTT ene 93nd TOME 
qng-ge-ip [XX] OV Op vs 0.10} 3 (adios τα ϑαψ U1) O5pa Jomo] 


Η Η 


muda 5ΥᾺ 9 Ῥὲ |) inlwaasva “Ὁ nuda sya bps | mucdla svM 9 Ῥὲ 
awwyyserda ¢ | alwhwyyreraa : | AW AVS an 8 | AM WV IST da ς 
UV) OF 5091. UV) ΟἹ $A FT | UVOOPSA TT | wcAVO os [gn ΟἹ 
[Ἐν Ὁ 06] isa Gu; {lauvol.esa eb | Lav) 09 SA OL (UV) OF $A II 
[gn 91] | luvy og sa zu | [gn onl | [ἀν Ὸ OF SA “1 


seul] G JO θ906 


αὶ 
ΝΙΑΨ ΙΗ 
ou-pp-x [ 


ea 


ryt isa 
ALOp P$ YP 1X X PS; OTSVM E/E 516 ἐπ WV σ᾽ aa G pg μι Log-D 
Y-Od AVY 0% SA SI WV MSAD 12.1.09 q-ind 
14-ὸ}- 4 nus- aa gi Ω ΟἹ nt-ab-bob ag SV δίς, . 


ΚΞ. ἝΞ" Ἑ AAnanenian==\Apdaaatnnamarann pene ΜΉΝ 


Ww ag SVU φῆ nu mt } ad SVM 8 mus aa VH syW A nas'l: 1 x { 
“Isp ῃ ΖΌΞΓΩΩ ἸΩΤ ΠΡ "ION | 
FFOLL + 1228 + 2206 Ἢ 
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rev. i only GAR preserved at ends of lines (for lower edge, see p. 51). 
rev. ii 1. an-nu-d tal-lak-t% δά VUTU TA KASKALM Su-ul UEn- Lill] 

. EN KASKALI! Su-ut ἀξ TA KASKALI! ὅμοια apa Ἷ 

. ἘΝ KASKAL! ἔμ ἀβη-ΠὙῸᾺ ἀ ΤΌ ἢ EN ΤΌΞΑ 
TA AUTUSU.A EN ἀῦΤῸ Καὶ 12 KAS.BU φαφιφαν mi-Sih-ti a-Sar-ri 
ki-sip-ta-% $d-lim-ti d&-tur gaq-qar ul ma-al-la a-ha-me& 8u-% 
ut-ru ἃ mut-ti-e li-ik-si-pu-ma lig-bu-nim-ma 

. ina pi-t lu-se-e8-mi LUGAL ἐκαὶ ki-t dib-bi an-nu-tim 

. ina tup-pi la sat-ru ἃ ina pi-t UN.ME la ma-su- Τὰ 

. ina tup-pi LU. SAMAN LA ul i-kem-mi-i %-x-[ 

. LU.SAG.LUGAL i al-tu-v% lu-kal-li-mu x [ 

. mi-8ih-ti KI.MES ἃ bi-rit x [ 

᾿ς an-na-a-ti ina pi-i lu-&d-[ 

, tal-lak-ti 4Sin SUTU 4UDU.TDIM.MES [x x] 

. di-ri u na-dan GISKIM ina SA-bi in-nam-[(ma)]-ru 


πον. OE OOCE OLE EE EAN AARA PARRA AA OA RRO νυν ΟΝ 
peSERDRDE PERERA LE Cet SARA REAR ERI ANSTO OOS A EAN ASAD RSE IEOIE SERENE PEI ETE mrerenereneee OOOO CTR RON ann na ee 


2/3 KAS.BU | 15 US 10 US “| 16 US 
.19 US 10 GAR | 14 US 10 GAR | 10US50GAR 15 US 50 GAR 
7. 18 US 20 GAR 18 US 20 GAR | 11 US 40 GAR | 16 US 40 GAR 


. 11 US 80 GAR 12US30GAR [12] US30GAR__| 17 US 80 GAR 
.16 US 40 GAR | 11US40GAR — | (13 UJS20GAR 18 US 20 GAR 
. 15 US +50¢ GAR : 10 US 50 [GAR] _ [14 U Is 10 GAR 19 US 10 GAR 


ΝΎ POO CRO CCE - “τσ στο πεν σευσενοσονσοσινς “τσ στα τέ βαλε Rn κακροκοννσνσνννονονοσνννονννοσισνσσνσκαανασκανασνσνα tess canna ene κε ae anne κεκεκααακασακαν κεν, 


ῷ 0 ~1 > orm Oo "Ὁ 


a Traces are not those of the numeral 10. 

bIf the word is dibbi (and not, for instance, dibdibbu, «lepsydra»), it may appear here in the 
technical sense used in reports, see Oppenheim, Centaurus 14 128 note 9. 

© Text has 20, not 50. 


Translation 


. the Sun] stands in Cancer and the Moon 
| stands 1 in Capricorn, then the day is 8 béru (long), the > night 4 béru. 


Ponti 2/3 bér gaqgar the day shortened to 10 πὲ, 
a goes, the third fifteen-day (period) goes 18 πῆ 20 το, 
; Bagel per’ three fifteen-day (periods) to’ 2/3 béru of .... the travel of the Sun 
..th, eleventh, twelfth, [-- ..1 de dec: creases 5 [by x cB] 


. 1} returns 


: J Avahearand 
10— 16 broken 
16-20: see Astronomical Commentary 
. This is the course of the Sun from the Path of Enlil 
. to the Path of Ea, from the Path of Ea 
. to the Path of Enlil. From sunrise to sunset, 
. from sunset to sunrise 12 bér gaqqar is the measurement of the asarru. 
I wrote down its complete computation. The gaggar is not equal. 
Let them compute the excess and the deficiencies and let them tell me, 
. then I will announce? it. The king should know that these matters 
are not written in (any) tablet, but’ they are not forgotten in the mouth of people; 
. the apprentice scribe cannot hear it from a tablet (or: it is not read from the tablet of the 
apprentice seribe), . 
_ 1 will show it to! the Hittite ga ré$ garri official [... | 
. the measurements of the gaggaru-s and the interval of [...] 


pecan 


rev. ii 


mo ORIR AP wD 


μω formed 


69 


Pathways into the Study of Ancient Sciences 


12. these I will [...] 


13. The course of the Sun, the Moon, the planets [...] 
14. intercalations and giving of signs will be found in it. 


πᾳ ENE ha OE EEE OE ERLE ERLE En 


15—20: see Astronomical Commentary. 
Subscript and colophon: 1. [...] the course of the Sun [...] statements! 
2. [...]-Gula, the scribe 
3. [...] eponymy of Bél-Sadiia 


While the astronomical interpretation of the 
tables of the text, and their usefulness in attaining 
one of the stated purposes, the determination of 
interealations, is clear (see Astronomical Commen- 
tary), the text contains a number of difficulties, 
and its format is without parallel. 

The tablet is written in Neo-Babylonian script 
and dialect, except for the subscript and colophon 
on the lower edge, which are written in Assyrian 
seript 1. According to the colophon, it was written 
in the eponymy of Bél-Sadiia; if this eponym is 
identical to Bél-Harrain-Sadiia, the date is 649 
BC. 4, 

The tablet has the oblong shape associated 
with the reports of scholars to Esarhaddon and 
Assurbanipal *; almost the entire left half is 
missing, as can be calculated from the disposition 
of the table on the bottom of the obverse. The 
reverse is divided by a vertical ruling into two 
columns. The right half is almost complete, but 
of the left, only a few ends of lines, seemingly all 
ending in gar, are visible; it seems likely that these 
lines contained tables or computations. 

On the obverse, the lines run across the entire 
width of the tablet, and can be only partially 
restored. The first two lines state the length of 
daylight on the longest day of the year, and the 
next four lines seem to give the explanation of 
the table (see Astronomical Commentary). From 
lines 7 to 17 the surface of the tablet is worn off, 
and therefore the introduction to the table in 
obv. [16]—20 is not preserved. 

The almost completely preserved right column 
of the reverse contains, as do the reports, a com- 
munication to the king. It states, first, that the text 
deals with the (yearly) course of the Sun from 
the Path of Enlil to the Path of Ea and back, and 


1) The only other Babylonian tablet known to 
me that has a subscript added in Assyrian seript 
is K. 159, published by Klauber, Polttisch-Religiése 
Texte ... no. 105. 

*)'The writer is unlikely to be Urad-Gula, a 
LU.MAS.MAS, who is the author of the letters 
LAS 223—25 (δ. Parpola, Letters from Assyrian 
Scholars ...), because this scholar writes in 
Assyrian, not in Babylonian. Possible restorations 
are Arad-Gula (mentioned in the Neo-Babylonian 


10 


that from sunrise to sunset and from sunset to 
sunrise the day (a nychthemeron) contains 12 béru 
(lines 1—4). The writer goes on to say that he has 
made certain computations, and gives instructions 
for further computations to be made, presumably 
in view of finding intercalations (lines 5--6). There 
follow claims about the novelty of the subject 
matter or procedure: the writer informs the king 
that these matters had not been written on a 
tablet but had been preserved in the oral tradition 
(lines 7—8). The remainder (lines 8~ 12) is unclear 
in its details. The writer ends with the statement 
that in the text may be found not only intercalations, 


but also «giving of signs», and refers not only 


to the course of the Sun but also to those of the 
Moon and the planets, which do not otherwise 
appear in the preserved part of the tablet. 

The interpretation of this «eport» is hampered 
by the occurrence of unique terms. A suggestion 
for the meaning of bér gaggar (line 4, beside gagger 
lines 5 and 10) is made in the Astronomical Com- 
mentary, p. δῦ. A hit herto unattested word, 
asarri or agarri, appears in rev. 4, and probably 
in obv. 5; it may designate the «seasonal hour» 
or the nychthemeron. The term sisiptu, here 
translated «computation», in rev. 5 is likewise 
unattested so far, but the verb kesépu (kasdpu) 
frorn which it is derived seems to mean «to count, 
to compute» (see the dictionaries). 

Another obscure reference is that to the LU. 
SAG.LUGAL hatti, the «Hittites sa ré§ sarri- 
official. The term «Hittite» in this period should 
refer to Syria, but we know of no other mention of 
a Syrian éa ré§ sarrvi*. If this reference is to the 
oral transmission of the new computation, it may 
indicate, as suggested in the Astronomical 
Commentary, a derivation from Egypt via Syria. 


ΟΞ ΞΕ 


report Thompson, The Reports ... 90 τ. 6 
(= Harper, Assyrian and Babylonian Letters ... 
1109) in broken context, or Rimit-Gula (see 
Hunger. Babyl. und assyr. Kolophone no. 140). 

Ἢ On these reports see A. L. Oppenheim, 
Centaurus 14 (1969) 97—135, especially pp. 97f. 

4) For ga ré8i and 4a ré& Sarri in Neo-Babylonian, 
see Oppenheim, The Gaster Festschrift (The 
Journal of the Anc. Near Eastern Soc. of Columbia 
Univ., vol. 5, New York, 1973), pp. 329ff. 
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Astronomical Commentary 
By David Pingree 


The table that is given twice on this tablet 
records the length of seasonal hours for every 
fifteenth day of an «ideal» solar year, where a 
seasonal hour is the twelfth of the length of 
daylight. These lengths of seasonal hours are 
measured in uS and gar for which it holds that 

60 gar=1us = 4 minutes 

30 uS = 1 béru = 120 minutes. 


The entries form a linear zigzag function 
— that is, a continuous function y(x) which 
increases and decreases periodically with 
constant slope between two limits m and M and 
which can be represented by a «zigzag» graph}. 
The period of this function is a year of 360 days 
in a schematic calendar, and the values y(x) 
are given for 24 equidistant points — every 
fifteenth day — on the axis x, The maximum, 
M, is equal to 2/3 béru or 20 us at entry (1) 
(the Summer Solstice); the minimum, m, is 
equal to 10 πιὸ at entry (13) (the Winter Solstice) ; 
and d, the constant difference, is equal to 50 
gar or 0;50 αὖ. If these entries are multiplied 
by 12 they result in the parameters listed in 
12 = 8 béru 
(the length of daylight on the longest day); 
m=: 10u8-° 12 = 120 u& = 4 béru (the length 
of daylight on the shortest day); and d = 
0; δ0 uS- 12 = 10 υ (the amount by which the 
daylight is said to decrease in obverse 3, scélicet 
in every 15 days). 

The mean value, μ, of this zigzag function 
(up = 1/2 (M--m)), equal to 15 πᾶ, occurs at 
entries (7) (Fall Equinox) and (19) (Vernal 
Equinox); again, 15 us 12 = 180 us = 
6 béru, so that both the day and the night 
contain 6 béru each. 

The table is divided in both its occurrences 
(on the obverse and the reverse) into eight 
sections (Bezold’s «squares») of which each 
contains three 15-day periods or 1--1/2 30-day 
«months». The layout of these two occurrences 
differs, however. 

On the reverse the complete table is preserved ; 
its eight sections form four vertical columns 
and are to be read, as any cuneiform tablet 
divided into columns, first, down, and then 
continuing with the column adjacent to the 
right. In the middle, between columns two and 


1) See Ὁ. Neugebauer, Astronomical Cunciform 
Teats (aondon, 1955), vol. 1 pp. 28 ff. 
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three, i. e., between sections 4 and 5, there is 
a vertical double dividing line. 


On the obverse, each section by itself occupies 
a column; there is again a double dividing line 
running down the middle, between columns 
4 and 5. The eight sections or columns filled 
the entire width of the tablet, and in its present 
fragmentary state only the four sections 
(5—8) to the right of the double dividing line 
are completely preserved; to the left of the 
double dividing line, part of the fourth section 
remains. This table on the obverse also contains, 
in addition to the eight times three entries 
that are found in the table on the reverse, two 
more lines for each section, which give the 
length of daylight at the beginning of each 
45-day period, in the formulation «three 
15-days periods of πὶ béru daylight». In the 
preserved right half of the table » increases 
from the minimum, 4 béru (at entry 13, the 
Winter Solstice) to 7 béru (at entry 22, 45 days 
before Summer Solstice, or 45 days after the 
Vernal Equinox); in the now lost left half 
of the table » decreases from the maximum, 
8 béru (at entry 1, the Summer Solstice), to 
5 béru (at entry 10, 45 days before the Winter 
Solstice, or 45 days after the Fall Equinox). 
The summary entries in obverse 20 thus form 
a linear zigzag function wherein Mf = 8 béru, 
m = 4 béru, and d = | béru. 


This simple structure, then, is based on the 
well-known Babylonian parameter for the ratio 
of the longest to the shortest day in the year, 
2:1, attested in Tablet XIV of Enitima Anu 
Enlil and elsewhere?. The division of the 
length of daylight into twelve equal parts or 
seasonal hours is much less well attested. 


This division is first attested in Egypt, in a 
text from the cenotaph of Seti I (1803—1290 
B. C.) *; in Mesopotamia, the text here published 
provides the first undisputable evidence. The 
only other occurrence hitherto recognized — 
but not uniformly interpreted — is found on 
faces C and D of an ivory prism in the British 
Museum, BM 1233404. These faces, when 


os 


3.0. Neugebauer, Isis 37 (1947), 37-43. 

*) See Ὁ, Neugebauer and R. A. Parker, Egyptian 
Astronomical Texts, vol. 1 (Providence 1960), 
pp. 116-191. 

4,8. Langdon, Babylonian Menologies 
(London, 1935), pp. δδ--64. (copy on Ὁ. 55); 
5S. Smith, rag 31 (1969), 74-81. 
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complete, gave the lapsed time since sunrise 
for the ends of the twelve seasonal hours of a 
day or a night in six pairs of months. The new 
text confirms this interpretation of the ivory 
prism, and attests to the fact that a division 
of the day and the night each into twelve hours 
was known in Mesopotamia in the seventh 
century B. C. The rather obscure reference to 
the «Hittite official» (rev. 10) raises the possibili- 
ty that this division was derived from Egypt 
via Syria >. 

The purpose of the table is stated in rev. 14 
to include the finding of intercalations *. This 
permits one interpretation of the procedure 
described in rev. 5—7. Here gaqgar can refer 
either to the separate entries in the table or to 
the length of daylight given in béru-s in οὗν. 20. 
The inequality of the gaggar (note the use of 
the singular in rev. 5) is connected by the text 
with solar motion in obv. 1—2 and rev. 1—3. 
If the length of daylight is observed on a par- 
ticular day, that can be translated into an 
approximate solar longitude — or rather, a 
particular date in the Babylonian calendar; 
for obv. 1—2 seems to inform us that the first 
entry, with the maximum length of the seasonal 


5) For the seasonal hours of the Egyptians and 
Greeks see also R. Borger, JEOL VI/18 (1964) 
329f. 


hour, occurs on the fifteenth day of Tammuz — 
literally, at the opposition of the Sun and the 
Moon (full moon), the Sun being in Cancer. 
The computation of the excess or deficiency 
of the observed length of daylight with respect 
to the tabular length of daylight for one’s 
calendar-date will immediately indicate when 
intercalations are necessary; a difference of 
20 u&S or 2/3 béru in the length of daylight 
denotes a lag of 30 days of the civil calendar 
behind a luni-solar calendar. 

One further innovation in this text is its use 
of the term bér gaqgar to refer, not to a linear 
measurement, but to a period of time; this 
meaning is clear in obv. 3, when compared with 
rev. 4 and 5. Béru is always used in its normal 
chronological sense — a twelfth of a nychthe- 
meron (see obv. 2, 5, and 20), so that rev. 
1—4 cannot be giving a linear measurement 
(a 12 bér gagqar) for the distance travelled by 
the Sun each day and night along the ecliptic 
from the Path of Enlil to the Path of Ea and 
back, or above and below the horizon, but 
rather simply states the fact that, wherever 
the Sun is on the ecliptic, each nychthemeron 
contains 12 béru. 


8) Beside intercalations (dirz) the text mentions 
«giving of signs»; this may refer to expository 
material, see CAD 7 (ΠῚ 305b sub ittu mng. 10 ---Ἰ}, 
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Venus Phenomena In Enuiima Anu Enlil 


David Pingree — Providence 


Out of the vast number of cuneiform tablets identified during the last 
century as containing planetary omens, and therefore as connected with 
the series Entima Anu Enlil, and specifically with its fourth and last 
section, commonly called Star, the largest group is that devoted to 
Venus. This fact immediately differentiates the importance of this planet 
in the omen tradition from the place that it holds in the mathematical 
astronomy of the Seleucid period, where Venus is rather poorly 
represented. However, two tablets — an atypical text from the second half 
of the fifth century B.C.! and an ACT procedure text? — both from 
Babylon, indicate that rather complex theories of Venus involving 
subdivisions of the arcs and times between its characteristic phenomena 
were already current in the early Achaemenid period and continued in use 
in the Seleucid period. These are quite sufficient to show that Venus was 
not neglected by those who were constructing the mathematical theories 
of the planets, even though its orbit as seen from the earth did not fit the 
models that were developed for the superior planets. 


But, while Venus' phenomena were not amenable to description by step- 
functions or zig-zag functions, these same phenomena provided the 
earliest mathematical theory of any planet that we have; this is found in 
the ὃ section of Tablet 63 of Enima Anu Enlil, the so-called Venus — 
Tablet of Ammisaduqa, a crude theory by which approximate dates for 
the successive occurrences of four phenomena — first visibilities and 
invisibilities in the East and in the West — could be anticipated.3 In 
general, however, the scribes of Entima Anu Enlil were not interested in 


1 BM 36301 published by O. Neugebauer and A. Sachs, ,,Some Atypical 
Astronomical Cuneiform Texts. I“, JCS 21 (1967), 183-218, esp. 194-198. 

2 BM 34221+ in Ο. Neugebauer, ACT, London 1955, vol. 2, pp. 396-403. 

3 E, Reiner and Ὁ. Pingree, The Venus Tablet of Ammisaduga, BPO 1, Malibu 
1975, p. 24. 
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these Greek-letter phenomena except as parts of more complex omens — 
and even then, at least in my understanding of what they wrote, never 
directly mentioned the other two phenomena that are included in the later 
mathematical theory, first and second station, nor even the arc of 
retrogression that separates them. But in the planetary omens it is really 
only Mars' rather extreme and Jupiter's retrograde arcs that drew 
attention, as each entered a constellation and then backed out of it before 
plunging into it again. The exceptions in Enima Anu Enlil outside of 
Tablet 63 to this general neglect of the Greek-letter phenomena are the 
rather banal protases: ,,Venus in the winter rises in the East, in the 
summer in the West“ and its opposite;* then, ,, Venus in the winter rises in 
the East and does not set‘ and its permutations;> and ,, Venus stands in the 
West and sets — on the 7th day it rises in the East‘, and the impossible 
transposition of this correct period of invisibility at inferior conjunction 
to the period of Venus' invisibility at superior conjunction.® 


Given, then, that the Venus phenomena considered ominous in Enuima 
Anu Enlil — and in the Reports and Letters sent by the diviners to 
Esarhaddon and Assurbanipal’ — were not in general the Greek-letter 
phenomena, what were they? This is a question Erica Reiner and I have 
been wrestling with for some time as we have sifted through, ordered, 
and attempted to impose some meaning on the numerous fragmentary 
texts that will be included in the next fascicle of Babylonian Planetary 
Omens.’ This paper is an attempt to summarize our tentative conclusions. 


As far as can be determined, either five or six Tablets of some canonical 
Eniuma Anu Enlil were devoted to the enumeration of omens in which the 
main element of the protasis was the planet Venus; these were numbered 
either 58 or 59 to 63. The last, the Venus tablet of Ammisaduqa, states in 
its colophon that it is the 63rd Tablet, and then gives the catchline of a 
Tablet devoted to Jupiter. On the other side of the Venus block Tablet 56 


4 VAT 10218, omens 94-95 with parallels. 
> VAT 10218, omens 96-99 with parallels. 
© VAT 10218, omen 104 with parallels. 


7 The Letters have been published by 5. Parpola, Letters from Assyrian Scholars 
to the Kings Esarhaddon and Assurbanipal, AOAT 5, 2 vols., Neukirchen- 
Vluyn, 1970-1983. A new edition of the Reports by H. Hunger has appeared as 
SAA 8, Helsinki 1992. 


8 This fascicule— BPO 3 -- should appear shortly. 
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concerns various planets, and Tablet 57 seems to have obscure contents. 
We know nothing of the omens contained in Tablet 58. But Tablets 59 
and 60 record Venus omens arranged by months, the first six on Tablet 
59 and the last six on Tablet 60. The beginning of the sequence of omens 
was missing already in antiquity since various derivative texts knew 
nothing of the omens from the beginning of month 1; needless to say the 
extant copies of Tablet 59 are also broken at the beginning, but this is an 
accidental coincidence. The frame-omens of each month are very simple 
affairs drawn from the Venus omens included in Labat's edition of Iqqur 
ipus,? while many of the interior omens are compositions of several 
omens found elsewhere in Enuma Anu Enlil. To these circumstances we 
can add the facts that the omens used to construct the composite omens in 
Tablets 59 and 60 are drawn primarily from what we regard as the older 
Stratum of Venus omens, and that copies of Tablets 59 and 60 were 
deposited in Assurbanipal's library, so that these two Tablets antedate the 
seventh century. From these data it is plausible to conclude that an 
original collection of Venus omens arranged by months and closely 
connected to Venus omens included in Labat's edition of /qqur ipus 
existed towards the end of the second millennium B.C., and that the 
present Tablets 59 and 60 of Eniima Anu Enlil were compiled towards the 
beginning of the first millennium B.C. 


While Tablet 58 may have contained Venus omens, our remaining 
material, after we have assigned the appropriate fragments to Tablets 59, 
60, and 63, falls naturally into two piles; the first, which I will call Group 
A, contains the most archaic omens, while in the second, which I will call 
Group F, are found several innovations indicative of a date not too long 
before -700. It is not impossible, then, that the ,,original‘‘ forms — of 
course we only have broken and contaminated copies — of Groups A and 
F were Tablets 61 and 62; indeed, the colophon of one manuscript of 
Group f, K. 148, states that it contains a commentary on Tablet 61. 


I must now say a few words about the six Groups into which we have 
divided the Venus omens other than those found in Tablet 63. There are 
eleven representatives of material belonging to Group A, headed by two 
commented texts (commentaries were useful because the surface meaning 
of many Group A protases are difficult to relate to reality), VAT 10218 


? R. Labat, Un calendrier babylonien des travaux des signes et des mois, Paris 
1965, par. 82-86 on pp. 164-171. 
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10218 and K. 148, which together provide most of the basis for our 
understanding of the Venus phenomena. The protases of Group A have 
the following characteristics, which I believe point clearly to their 
antiquity: 


1. They are generally simpler phenomena than many in Tablets 59 and 60 
(our Group C); and, in fact, as I hope to demonstrate elsewhere, several 
omens in Group C appear to have been composed by combining omens 
found in part in Group A. 


2. Their wording is frequently very obscure, causing difficulties not only 
to us, but to the ancient commentators as well. The difficulty in 
understanding what phenomena were being referred to experienced by 
the commentators of the Neo-Assyrian period points to a break in the 
tradition of using Venus omens, which are attested for the Old 
Babylonian period by Tablet 63. Perhaps this break occurred during the 
Kassite period. If this line of reasoning is correct, at least a number of 
Group A omens may be presumed to have been first formulated in the 
Old Babylonian period. 


3. The protases of the Group A omens do not refer to the factors 
introduced into the protases of the Group F omens — primarily Venus' 
aSar nisirti in Pisces, which the Greeks later called its ὕψωμα and which 
was certainly known in Mesopotamia at the beginning of Esarhaddon's 
reign;19 and the paths of Enlil, Anu, and Ea, which were already referred 
to in texts from the second millennium.!! 


4. None of the monthly Venus omens that are included in Labat's edition 
of [gqur ipus and that characterize Groups C, D, and E are found in the 
texts belonging to Group A. 


Another observation important to be made with respect to the Group A 
omens is that the majority of Venus omens in the Reports and Letters to 
Esarhaddon and Assurbanipal come from Group A, as do those that can 
be reasonably identified with Akkadian omens among the Venus omens 


10 See H. Hunger and D. Pingree, MUL.APIN, AfO Beiheft 24, Hom 1989, 
pp. 146-147. 

11 See E. Reiner and Ὁ. Pingree, Enuéma Anu Enlil, Tablets 50-51 BPO 2, 
Malibu 1981, pp. 3-8. 
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in the Sanskrit Gargasamhitd, which were transmitted to India in the fifth 
century B.C.12 


Group B consists of the remains of thirteen excerpt tablets compiled from 
Group A, but frequently in rearrangements and with the insertion of 
omens from extraneous sources. These insertions, however, never include 
references either to Venus' afar nisirti or to the paths of Enlil , Anu, and 
Ea, both of which characterize the tablets assigned to Group F. 


Group C consists of Tablets 59 and 60, concerning which I have already 
said enough. 


Group D is formed by four tablets which contain monthly Venus omens 
in paragraphs 83, 86, 84, and 85 of Labat's edition of Igqur ipus. Group D 
is linked to Group C and Eniima Anu Enlil only by the fact that the 
appropriate omens from its first two sections, Labat's paragraphs 83 and 
86, are the frame-omens for each of Group C's monthly sections. 
However, the significance of this apparent common ordering of these 
omens in Groups C and D is clouded by the fact that one cannot tell from 
Labat's edition either what the order of the paragraphs in the section of 
Iqqur ipus devoted to Venus ought to be, or even whether that section is 
legitimately a part of [qqur ipus or not. 


Group E consists of ten tablets which contain conflations of omens drawn 
from Groups A and C, among which have been interspersed omens from 
other sources. Obviously, its usefulness lies mainly in supplying lost 
omens and restoring broken ones in its two principle sources. 


Finally, Group F, represented by twenty-one texts, combines some older 
omens derived from Group A with new ones such as those involving 
Venus aSar nisirti and the paths of Enlil, Anu, and Ea. 


Now that the material and our organization of it have been described, we 
can turn to the phenomena themselves. Those that I believe that I 
understand fall into three categories: Venus' motion with respect to other 
planets and to the constellations; Venus’ motion with respect to the 


12 Ὁ. Pingree, ,, Venus Omens in India and Babylon“, in Language, Literature, 
and History, ed. F. Rochberg-Halton, AOS 67, New Haven 1987, pp. 293-315. 
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horizon; and various light phenomena. A fourth category embraces those 
phenomena which I certainly do not understand. 


A number of protases from Group A omens involve Venus’ appearing 
with the Moon.!3 Clearly, these phenomena can only occur a few nights 
before the Moon's conjunction with the Sun, when the Moon and Venus 
may be together above the eastern horizon before Sunrise, and a few 
nights after conjunction, just after Sunset in the West. In both of these 
situations the Moon is crescent-shaped, so that it is not strange that many 
of the conjunctions of Venus with the Moon involve the latter's horns. 
The phenomena described include Venus' being above, below, before, or 
behind the Moon, or entering into either its right or its left horn, or 
standing between them. As in many other cases, the same phenomenon 
may be described in several different ways in different protases; often 
these different protases are all followed by the same or similar apodoses. 
This situation presumably reflects the fact that the sources used by the 
compiler of Group A included representatives of different local traditions, 
that also may have evolved over different time-spans. Without further 
documentation it will be difficult if not utterly impossible to work out a 
detailed history of the spread and transformation of these omens. 


At least one Venus-Moon omen in Group A appears to be astronomically 
impossible. In its protasis Venus is said to enter into the Moon and to stay 
there beyond one watch.!4 It should be possible in winter for Venus at its 
greatest elongation from the Sun to remain above the western horizon for 
more than a third of a night; but the Moon in that time will certainly have 
passed beyond the planet long before it sets. Perhaps the ever useful 
clouds need to be invoked to provide cover both for Venus and for the 
Babylonian observors. Another omen in a Group F text is more obviously 
impossible; it requires Venus to enter into the Moon on the 15th day of 
the month.}5 


Among Group A protases three refer to Venus in conjunction with the 
Sun.!6 They are: ,,Venus reaches the Sun and enters the Sun‘; ,, Venus 
enters the Sun and comes out“; and ,, Venus in the morning stands in front 


13 VAT 10218, omens 3 and 25-47 with parallels. 
14K. 3111 + 10672, omen 13. 

15 K, 3601 rev. 34. 

16 VAT 10218, omens 48-50 with parallels. 
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of the Sun“. For one planet to be ,,in front of another or a star means that 
it rises first of the two; therefore, ,,in front of" near the eastern horizon 
signifies ,,above“, near the western horizon ,,below”. This third omen, 
then, with Venus being seen above the Sun in the morning, would make 
sense if the Sun's light were sufficiently obscured that both it and the 
planet were visible. The first two Venus-Sun omens, however, refer to 
phenomena that occur at every conjunction; however, unless the text is 
referring to Venus transits of the Sun, they are not directly observed, but 
must be inferred from observations over several nights or, in the case of 
superior conjunctions, several months. Indeed, it is characteristic of many 
of the planetary omens in Eniima Anu Enlil that they refer not to single 
events, but to processes that occur over substantial periods of time. 


The planet with which Venus is most commonly linked in Eniima Anu 
Enlil is Jupiter.!’ Normally, the phenomena are simply that they appear 
close to each other or that they pass one another; more rarely Venus 
enters into“ or occults Jupiter. A more complex phenomenon involves 
Venus and Jupiter being on opposite sides of the Moon. The only other 
planet named in a protasis is Mars, whose occultation by Venus is 
referred to in a Group A text.!8 It is not at all clear to me why so much 
attention was paid in this material to Jupiter to the utter neglect of all the 
other planets with the exception of Mars mentioned in just one omen. 


However, if one of the ancient commentators was correct, they are 
present, though disguised under a metaphor. This is the AGA or ,,tiara“ 
which Venus is said to wear — a configuration that the commentators 
generally take to mean that something is ,,in front of‘ Venus, that is, rises 
before it and, in the morning, is above it. One set of three omens in Group 
A reads: ,,Venus wears the tiara of the Sun“; ,, Venus wears the tiara of 
the Moon“; and ,,Venus wears two tiaras“. The commentator takes them 
to mean that, respectively, Saturn, Mercury, and two planets stand in 
front of Venus.!? Whether or not this interpretation is correct with regard 
to the original meanings of these omens, it is of interest to note that in the 
Indian tradition also Saturn and Mercury are associated with the Sun and 
the Moon respectively; for they are regarded as the sons of the two 
luminaries. In another place also the same commentator interprets 


17 VAT 10218, omens 24 and 51-59 with parallels. 


18 VAT 10218, omen 63 with parallels; and Sm. 1354, omen 4. 
19Κ 148, omens 15-17. 
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interprets protases in which the tiara of Venus is black, white, green, or 
red to mean that in front of Venus stand Sirius (or Saturn?), Jupiter, 
Mars, or Mercury.2° From more traditional color symbolism one would 
expect black to represent Saturn; and green and red to represent Mercury 
and Mars rather than the other way around. But at least Venus' wearing of 
a tiara was often understood to mean that another planet stands in front of 
her. 


In the texts of Group A only six constellations are associated with Venus 
— MUL.MUL (the Pleiades), SILPA.ZILAN.NA (Orion), SUDUN (Bodtes, 
but understood to mean Jupiter), MAR.GID DA (Ursa Maior), AS.GAN 
(Pegasus), and the Star of Eridu (Puppis).2! It is, of course, remarkable 
that most of these constellations are too distant from the ecliptic for 
Venus ever to enter into them; rather, the omen is usually that it is in 
front of them — that is, rises before they do or, in the case of 
MAR.GID.DA, is higher in altitude in the morning than the constellation 
is. In the texts of Group F, on the other hand, the names of eight more 
constellations occur, and most of these are close enough to the ecliptic 
that the protases can correctly indicate that Venus enters into them. These 
eight constellations are: AB.SIN (Virgo), APIN (Triangulum), KU¢ 
(Piscis Austrinus), MAS.TAB.BA (Gemini), UR.GU.LA (Leo), 
EnmeSarra (the northern part of Taurus), GU4.AN.NA (Taurus itself), 
and GIR.TAB (Scorpio).22 Clearly there has been a shift in interest from 
more or less simultaneous risings — this, the earlier interest, is also 
reflected, I suspect, in the TE-omens, perhaps originating in the Old 
Babylonian period, in which two constellations or a planet and a 
constellation TE or approach each other — a shift, in any case, from an 
older interest to a later interest in Venus’ passing by stars in the path of 
the Moon -- an interest ending eventually in some of the entries in the 
Astronomical Diaries. 


Another innovation relative to Venus' motion with respect to planets and 
constellations that was introduced in Group F involves its entry into its 
aSar nisirti —- perhaps meaning ,,secret place“ — near the end of Pisces.23 


20 K. 148, omens 10-13. 

21 VAT 10218, omens 6-7; 60-62; and 126-129; and Sm. 1354, omen 3, all with 
parallels. 

22 K. 7936 : 11, rev. 8, rev. 13-17 and rev. 26-29 with parallels. 

23 D.T. 47 : 28-32 with parallels. 
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The omens in which Venus' aSar nisirti occurs include: ,, Venus becomes 
visible in the North and reaches its aSar nisirti and disappears“. The 
commentator interprets this to mean: ,,it becomes visible in the path of 
Enlil or in the path of Anu and completes nine months and goes lower*.24 
I take the text and its commentary to mean that, with the path of Enlil 
being that part of the eastern horizon that is North of about 20° North of 
the East-point,2> Venus becomes visible in the morning when the Sun is 
in Gemini or Cancer, that is, in June or July in the Gregorian calendar 
roughly; and nine months later, in February or March, it first reaches its 
aSar nisirti, and then becomes invisible. This interpretation is perhaps 
supported by another commentary in which the protasis' statement: 
»,Wenus reaches its aSar nisirti“ is glossed by the statement: ,,it reaches 
the Lion‘;26 I presume that this means that Venus' first visibility in the 
evening occurs in Leo, in Gregorian August, its last visibility in the 
evening at the end of Pisces or the beginning of Aries, in late March or 
April. 


The other type of motion associated with Venus is with respect to the 
horizon, and this is in two modes: a motion to the North and the South 
along the eastern and western horizons of the points at which it appears 
and disappears (this motion must be observed over a number of mornings 
or evenings), and its motion in altitude, that is, how high it reaches above 
the eastern horizon before Sunrise and how high it is above the western 
horizon at Sunset (this motion can be observed either in a single morning 
or evening, or Over a Sequence in order to determine a trend). Clearly 


24 K. 2346 : 23 with parallels. 
25 See J. Koch, Neue Untersuchungen zur Topographie des babylonischen 
Fixsternhimmels, Wiesbaden 1989, p. 125. For his azimuth I would substitute 
the equivalent idea of the rising amplitude, ἢ, known along with polar 
coordinates and other elements from early Indian astronomy. These Indian 
concepts are modifications of Hellenistic ideas that in turn onginated in 
Babylonian astronomy. The rising-amplitude is found with the formula: 

Sinn =Rx a8? 

Sin @ 

The number connected with the boundary between the paths of Anu and those 
of Enlil and of Ea in Group F texts is 2/3 béru or 20° of rising-amplitude; see, 
e.g., K. 7936 : rev. 8 and D.T. 47 : 21-27. Then, with R = 1 and ᾧ = 90°-36° = 
54° , dis about 16°. 


26 D.T. 47 : 27. 
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or evening, or Over a sequence in order to determine a trend). Clearly 
both of these motions are influenced by the angle at which the ecliptic 
crosses the local horizon and the latitude of the planet, while the primary 
cause of the first motion is the apparent motion of the Sun in the ecliptic, 
and the primary cause of the second is the motion of Venus in its proper 
orbit. The combination of these four factors will lead to a great variety of 
observed phenomena, which are reflected in our omens. 


Erica Reiner and I had already concluded in fascicle 2 of Babylonian 
Planetary Omens that the word KI.GUB, ,,place“ or ,,position“, is the 
technical term for the position of a star or a planet when it is first visible 
on a particular night; at Sunset it might be anywhere in the visible sky, 
but during the night the stars and planets that appear have their KI.GUB's 
on the eastern horizon.2’ In these Venus omens the KI.GUB also means, 
in addition to the two meanings given above, the points along the western 
horizon at which it sets. Let me quote some Group A protases that 
support this interpretation:28 


»,Wenus Changes its KI.GUB for nine months in the East, for nine months 
in the West“. Here, of course, the nine months constitute Venus' period of 
visibility according to Eniima Anu Enlil, a period during which, if a 
morning star, its KI.GUB or rising point moves North and South along 
the eastern horizon, but, if an evening star, its KI.GUB or setting point 
moves similarly along the western horizon. Another protasis is: ,,Venus 
stands in the KI.GUB of the Moon“.2? I take this to mean that Venus rises 
in the morning or sets in the evening over the same point on the horizon 
that the waning or crescent Moon had previously crossed. 


The protases of four successive omens in Group A have Venus stand in 
its KI.GUB to the North, to the South, to the East, and to the West. To 
stand precisely to the East and to the West should mean to rise above the 
East-point or to set below the West-point on the horizon — in other words, 
as other omens put it, to split heaven in half.3° But for Venus’ KI.GUB 
literally to be to the North or to the South would be astronomically 
impossible; rather, we must interpret these omens in the same way as we 


27 BPO 2, pp. 17-18. 
28 The KI.GUB omens are found in VAT 10218, omens 109 -117. 


29 E.g., VAT 10218, omen 112 with parallels. 
30 E.g., VAT 10218, omen 12 with parallels. 
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interpret such passages as that in MUL.APIN (II i 9-24): ,,On the 15th of 
Du'uzu ... the Sun which rose towards the North with the head of the Lion 
turns and keeps moving down (ultanappal) towards the South ... On the 
I5th of TeSritu the Sun rises in the Scales in the East ... On the 15th of 
Tebetu .... the Sun which rose towards the South with the head of 
Aquarius (reading GU.LA for the text's erroneous UR.GU.LA), turns and 
keeps coming up (undanahar) towards the North ... On the I5th of 
Nisannu ... in the evening ... the Sun stands in the West in front of the 
Stars (i.e., of the Pleiades). This passage describes the changing of the 
KI.GUB of the Sun, and thereby also of Venus, and informs us of the 
sense in which it appears to the North, to the South, to the East, and to the 
West. One ancient commentator , indeed, interprets the phrase ,,changes 
its KI.GUB“ to mean: ,,it goes higher, variant: it goes lower“.3! I take 
goes higher“ (NUM) and ,,goes lower“ (uttafpas) in this context to be 
parallel in meaning to MUL.APIN's ,,keeps coming up to the North“ and 
»keeps moving down towards the South“; I shall return to this later. 


One final pair of omens that place the KI.GUB on the horizon state that: 
»,Wenus’ KI.GUB is red“ and ,, Venus KI.GUB is green“.32 Though the 
ancient commentator, presumably on analogy with the way in which he 
had understood different colored tiaras of Venus to be planets, interprets 
these phrases to mean that Mars or Saturn stands with Venus as its 
KI.GUB is respectively red and green, it seems to me that the limitation 
of the possible color of a KI.GUB to just these two means that the 
phenomena being described are the red flash and the green flash that are 
only produced when Venus' light is refracted by the atmosphere as it rises 
or sets — i.e., is on the horizon. 


Another phenomenon for which there are several different expressions is 
that Venus does not change its KI.GUB, that is, that it rises above or sets 
below the same point on the horizon that it had crossed the previous 
night. This is the interpretation that the ancient commentator places on 
the protasis of the first omen in Group A: ,,Venus stands still (ikzin) in the 
morning“.33 Some modern commentators have taken this to refer to 
Venus’ having reached its eastern — that 1s, second — stationary point. 1, 
however, am convinced that the ancient commentator is correct. 


31 Καὶ 6021 : rev. 11 with parallels. 
32 K, 35 : 16-17. K. 35 is a Group B manuscript. 


33 VAT 10218, omen 1 with parallels. 
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Stationary points have no place among the planetary phenomena viewed 
as ominous by the authors of Enima Anu Enlil; only retrogressions out of 
one constellation into its predecessor appear in the omen texts, and then 
only in the case of the superior planets, never of Venus. 


The validity of our interpretation of the phrases ,,it goes higher“ and ,,it 
goes lower“ to mean that Venus' rising or setting point moves to the 
North or to the South along the eastern or western horizon is supported, I 
believe, by a set of three successive protases in Group A:*4 ,,Venus at its 
appearance moves towards its front“, ,,Venus at its appearance halves 
heaven and stands“, and ,,Venus at its appearance goes higher“. The 
second of these phenomena, as we have already seen, refers to those 
occasions at which Venus rises or sets over the East-point or the West- 
point on the horizon; the other two apparently mean that its KI.GUB is 
moving to the North. The first is of a type that I shall return to later; but 
the third, ,,Venus goes higher“, is repeated in Group F, where it is 
interpreted by the ancient commentator to mean: ,,it appears in the East in 
the path of Ea and goes higher calmly towards the path of Enlil‘35 — that 
is, its KI.LGUB moves from the South to the North. 


The three paths themselves do not appear in the protases of the Venus 
omens belonging to Group A, but they are a prominent feature of those of 
Group F.36 As was pointed out in fascicle two of Babylonian Planetary 
Omens, the paths were originally arcs along the eastern horizon above 
which the constellations and the planets rise. There are three basic omens 
of which each has three variants as the phenomenon occurs in each of the 
paths. They are: ,, Venus appears in the path", ,,Venus follows the path ... 
for six months and stands“, and ,, Venus in the East and in the West stands 
in the path“. The second of these, in which Venus 15 said to remain for six 
months in each of the three paths, seems to me to be astronomically 
impossible, if its presence in a path 15 intended to be continuous. The Sun 
will remain in the path of Anu, which stretches along the horizon about 
20° North and 20° South of the East-point, for about 90 days or three 
months; it will remain in either the path of Ea or that of Enlil for about 
the same time. I cannot imagine a configuration of Venus, the Sun, and 
the Earth such that Venus will remain visible within the same path for six 


34 VAT 10218, omens 11-13 with parallels. 


35 K, 2346 : 12 with parallels. 
36 K, 7936 : 1-9 with parallels, etc. 
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months. The third omen, in which Venus remains in one of the paths in 
the East and in the West, would seem to mean that its last visibility on 
one horizon and its subsequent first visibility on the opposite horizon 
both occur in the same path. This, of course, is more likely to occur at 
inferior than at superior conjunctions. 


Whereas in Group A the phenomena of Venus' KI.GUB moving towards 
the North or towards the South was described in terms of its going higher 
or lower, in Group F the expressions are:3’ ,, Venus at its appearance has a 
head", and ,,Venus at its appearance has a rear“. The ancient 
commentators interpret the first of these, ,,Venus ... has a head“, to mean 
that it appears first in the path of Anu and that, during its period of 
visibility, its rising-points become more northerly until it appears in the 
path of Enlil; and they interpret the second, ,,Venus has a rear“, to mean 
contrarily that its rising points become more southerly until it appears in 
the path of Ea.38 Other commentators add as a variable that Venus does 
or does not complete 2/3 béru or 2 béru.39 In this case I believe one must 
consider that they are referring to arcs along the horizon measured in 
béru and US. Then 2/3 béru or 20 US = 20° is the approximate measure 
of the arc between the East-point and the northernmost or southernmost 
boundary of Anu; and 2 béru = 60 US or 60° approximates the arc over 
which the KI.GUB of the Sun ranges.40 


The second motion that Venus has with respect to the horizon is along 
circles of altitude. This can be thought of in a trivial sense as occurring 
every night that it is visible, in a more significant but still periodic sense 
as its being seen on successive nights having an increasing or a 
decreasing altitude — 1.6., rising higher or lower before Sunrise or being 
higher or lower at Sunset. I take it that the latter phenomena, being 
slightly less obvious, are the ones referred to in Group A by the verb ullat 
in the phrase ,,Venus rapidly goes high“ and by the verb uStaktit in the 
phrase ,,Venus goes down and sets“.41 More problematical is a protasis 


371 Κ 7936 : 15-19 with parallels. 

38 Κα 2346 : 8-11. 

39 Ὁ. T. 47 : 20-26. 

40 Defined by Koch as between azimuths of 240° and 300°, corresponding to 
rising-amplitudes of + 30°. With our previous formula and with 5 = € =/4°, Φ is 
about 36°. 

41 VAT 10218, omen 4 with parallels; and K. 229 : 29 with parallels. 
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found in Group F: ,,Venus ascends to the zigpu“.42 Schaumberger offered 
the explanation that Venus could be seen at the zenith if the light of the 
Sun were sufficiently dimmed by clouds.43 But, in light of our 
determination that ,,to go upwards“ can mean that Venus' KI.GUB 
becomes more northerly, I would suggest that the omen may be that 
Venus rises (or sets) over the point on the horizon that had previously 
been crossed by a ziqgpu-star. This would be possible in the cases of 
several of the zigpu-stars listed in AO 6478;44 these are, with their 
declinations for -700, a Herculis with a declination of +18;30°, a Leonis 
with one of 22°, and ὃ Cancri with one of 22;40°. 


There remain those omens in which the phenomenon is the distortion of 
either Venus’ own light or that of some other shining object. According to 
the texts of Group A Venus may have a meSu — also called a Sabibu — at 
its right, its left and crosswise in its middle; and these meShui/Sabibu may 
be red, white, or green.*> In the same Group A Venus is said to produce — 
imSuh -- ἃ sirhu. These three, the meShu, the Sabibu and the sirbu, seem 
to be mirages,4’ but we can say little more about them. 


Another set of omens in Group A represents Venus as being red, black, 
white, green, or green and red.*® The same colors are referred to in the 
Indian adaptations of Mesopotamian Venus omens. If we can take 
» white“ and ,,black“ to be the equivalents of ,,bright“ and ,,obscure“, then 
the red, the green, and their combination would refer to the refraction of 
the light of Venus into a red band (the red flash) and a green band (the 
green flash) when it is on the horizon. Perhaps the same sort of 
explanation can be offered for the green, white, and red mes fu, except 
that it does not seem, as far as I know, that the flash could be sent to the 
right or the left as the text indicates. 


42 K. 3601 : 23 with parallels. 

43 J, Schaumberger, Ergdnzungsheft Ill, Miinster 1935, pp. 291-292. 

44} Schaumberger, ,,Die Zigpu-Gestime nach neuen Keilschrifttexten“, ZA 50 
(1952), 214-229. 

45 VAT 10218, omens 80-88 with parallels. 

46 VAT 10218, omens 118-123 with parallels. 

47 BPO 2, p. 19. 

48 VAT 10218, omens 15-18 with parallels. 
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Brightness, dimness, and scintillation are other phenomena associated 
with Venus in Enuma Anu Enlil. These require little comment, except 
that brightness and dimness should not be assumed necessarily to be 
concommittant with inferior and superior conjunction respectively. 


But more remarkable are a group of protases that as yet make no sense at 
all to us. These include: ,,Venus at its appearance flickers like a bull“‘;49 
the verb here hesitatingly translated ,,flickers“ is iftappu. The simile 
perhaps reflects some esoteric myth which I am ignorant of. Other 
undeciphered omens are: ,,Venus appears in the East and is female“; 
»,Wenus appears in the West and is male“; ,, Venus’ brilliance falls to the 
ground“; and ,,Venus alone is perfect -- εαἰξ ἰδ gitmalat.5° Would that 
our understanding of these texts were as perfect as is she! 


49 VAT 10218, omen 5 with parallels. 
50 K, 3601 : rev.31-32; K. 800 : 14; and K. 3601 : rev.48 respectively. 
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ON THE GREEK ORIGIN OF THE 
INDIAN PLANETARY MODEL EMPLOYING 
A DOUBLE EPICYCLE 


DAVID PINGREE, University of Chicago 


The development of geometric models to explain the inequalities of planetary 
motion in terms of combinations of circular motions is characteristic of Greek 
astronomy, and derives its initial bias from statements of the Pythagoreans, 
Plato, and Aristotle regarding the structure of the universe and, in the case of 
Aristotle, the difference between the mechanics of the sublunar centre of the 
cosmos and that of the celestial spheres. It is hardly necessary to point out 
here that among the devices invented to account for these inequalities are the 
eccentric circle and the epicycle, whose properties were investigated by 
Apollonius of Perge in about 200 Βα. The occurrence of these devices in 
Sanskrit astronomical texts of the fifth century A.D. immediately suggests some 
Greek influence. And the supposition of such an influence is greatly strengthened 
by the fact that Greek adaptations of Babylonian linear astronomy? and Greek 
treatises on genethlialogy® were translated into Sanskrit between the second and 
fourth centuries A.D.; it is virtually confirmed by the fact that the earliest 
Sanskrit siddhdntas to employ epicyclic models, the older Romaka (for the 
luminaries only’) and Paulisa (for the Sun only®), are largely of Greek or Greco- 
Babylonian origin. It is my intention here to investigate the Greek background 
of the common Indian model for the star-planets which involves two con- 
centric epicycles. 

In the Paitédmahasiddhdnta of the Visnudharmottarapurdna,®’ which is our 
earliest extant exponent of the Indian double-epicycle planetary model (it was 
probably composed in the first half of the fifth century A.p.), the pattern was 
set for all later texts except for those belonging to or aware of the audayaka 
System of the Aryapaksa. The orbits of the planets are concentric with the 
centre of the Earth. The single inequalities recognized in the cases of the two 
luminaries are explained by manda-epicycles (corresponding functionally to 
the Ptolemaic eccentricity of the Sun and lunar epicycle respectively), the two 
inequalities recognized in the case of each of the five star-planets by a manda- 
epicycle (corresponding to the Ptolemaic eccentricity) and a Ssighra-epicycle 
(corresponding to the Ptolemaic epicycle). The further refinements of the 
Ptolemaic models are unknown to the Indian astronomers. 

If one tries to imagine the geometric model utilized by the Paitaémahasid- 
dhdnta, one immediately realizes that it cannot be cinematic; the planet cannot 
ride simultaneously on the circumferences of two epicycles. These two epicycles 
must be regarded simply as devices for calculating the amounts of the equations 
by which the mean planet on its concentric orbit is displaced to its true position. 
This interpretation is confirmed by the explanation offered in early texts of the 
mechanics of the unequal motions of the planets : demons stationed at the manda 
and sighra points on their respective epicycles pull at the planets with chords of 
wind.’ The computation of the total effect of these two independent forces 
upon the mean planet varies somewhat from one school (paksa) of astronomers 
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to another, or even from astronomer to astronomer within a paksa. But the 
fundamental concept remains clear: the planet is always situated on the citcum- 
ference of a deferent circle concentric with’ the centre of the Earth, while two 
epicycles (one each for the Sun and Moon) revolve about it. As the planet 
progresses with its mean velocity about this deferent circle, at each instant it 
is pulled by the two epicycles away from its mean to its true longitude. These 
instantaneous true longitudes are subject to computation, but a true course of 
the planet over a period of time can only be conceived of as a series of such 
instantaneous true longitudes. 


This is not to deny that the equivalence of an eccentric to an epicyclic model 
had also been transmitted from Greece to India, though it would seem that the 
transmission was effected by a different text from that from which the double- 
epicycle theory is derived. Though it is true that in one passage of the Aryabha- 
tiva® Aryabhata, who was born in 476, clearly implies a double-epicycle model 
by giving the circumferences of the manda and Sighra epicycles, in another!® he 
correctly describes an eccentric-epicyclic model and indicates the different 
directions a planet must travel on an epicycle to produce the differing effects of 
the equation of the anomaly and the equation of the centre. Though a number 
of later Indian astronomers acquainted with the Aryabhatiya or derivative 
texts of the Aryapaksa refer to the eccentric model," it seems seldom to have 
been used in computation. 


The problem, then, is to explain the development of the double-epicycle 
theory. Initially, as noted above, we have strong reasons for believing it to be 
of Greek origin, and we have observed that its most striking effect is the mainten- 
ance of a constant distance of each of the five star-planets from the Earth (we 
shall discuss later the varying distances of the luminaries which the computation 
of the eclipses necessitates). Let us now examine the Greek tradition to locate 
where in it such a planetary model might have originated. 


In Greek intellectual circles there was a clear conflict between the physical 
theory of motion posited by Aristotle and the cinematic models of planetary 
motion developed by later astronomers. In the De caelo Aristotle claims that 
the motions of the celestial spheres, which consist of the fifth element, must be 
uniform and circular about the centre of the universe, that is, the centre of the 
Earth.” The principle of concentricity is thus added to the principles of uni- 
formity and circularity enunciated by Plato.“ In the Metaphysics Aristotle 
succeeds in constructing, on the basis of Callippus’s modifications of Eudoxus’s 
hypothesis of homocentric spheres, a mechanical model of the celestial spheres 
satisfying the principles laid down in the De caelo, providing for a transfer of 
energy from the outermost sphere to that of the Moon, and qualitatively 
accounting for the planetary phenomena of retrogression and latitude;“ he 
could not, however, explain the varying distances of the planets from the 
Earth made evident by the varying diameters of the Moon and the Sun.’° 


Greek astronomers in the Hellenistic period generally ignored Aristotelian 
physics, as did also the Stoic philosopher Posidonius who evidently followed 
Hipparchus in accepting the eccentricity of the planetary spheres.’* Pliny’s 
source also utilized eccentricity to account for the equation of the centre, but 
employed as a mechanism to produce the second inequality rays of fire emanating 
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from the Sun and pushing the superior planets further from the Earth near 
opposition.!” 

But by the late first century A.D. Aristotle’s physics was again taken seriously 
into consideration, and the problem of deciding between concentricity and 
eccentricity became a basic one. Ptolemy in the Syntaxis refers respectfully to 
Aristotle’s division of theoretical science into three branches: physical (sub- 
lunar), mathematical (celestial), and theological.!* When he comes to discuss 
the inequality of planetary motion, however, he states that the only two princi- 
ples that must be preserved are uniformity and circularity.1° Here he follows 
Plato rather than Aristotle, though he agrees with Aristotle against Plato that 
the celestial bodies are eternal. Of course, Ptolemy later, in hypothesizing the 
equant, abandons even uniformity of motion. In the Hypotheses, where he 
suggests a physical actualization of the mathematical models of the Syntaxis, 
he still insists that uniformity and circularity of motion are the only prerequi- 
sites for the eternity of the celestial bodies, though he has clearly read Book A 
of the Metaphysics.*® 

The Peripatetic scholars of the second century were much less convinced of the 
priority of mathematics over physics in determining the true nature of the 
planetary orbits, though they evidently were interested only in qualitative 
results. Alexander of Aphrodisias rejected both epicycles and eccenters as 
being opposed to the doctrine of concentricity, and asserted the validity of the 
Eudoxan system as described by Aristotle.*!  Alexander’s teacher, Sosigenes, 
saw the difficulties in rejecting eccentricity much more clearly, but was too good 
a Peripatetic to abandon Aristotle. He attempts to interpret the system of 
eccenters and epicycles as not being entirely opposed to Aristotelian physics.** 
But earlier in the century, or perhaps at the end of the first century A.D. (at any 
rate, before Ptolemy), another Peripatetic philosopher proposed a theory that 
bears some similarity to the second book of Ptolemy’s Hypotheses, and allows 
a qualitative explanation of the phenomena including apparent varying 
distances without abandoning concentricity. 

Adrastus suggested for each planet, aside from a concentric hollow sphere 
producing the daily rotation from east to west, two spheres: a large concentric 
and hollow double-sphere rotating from west to east at the velocity of the 
planet’s mean motion, and a small solid sphere rolling about between the 
inner surfaces οἵ τῆς large double-sphere. If the planet is simply the perceptible 
portion of the surface of the small solid sphere, one can account qualitatively 
for the latitude of the planet, its variation in distance and velocity, its stationary 
points, and its retrogressions. For, as Adrastus and his summarizer, Theon of 
Smyrna, point out, the motion of the planet as a point on the surface of the 
small solid sphere as it spins about its own axis and is carried about by the 
large, hollow, concentric double-sphere is equivalent either to motion on an 
epicycle or on an eccentric.** Quantitatively, the trouble with Adrastus’s model 
is that it can generate only one inequality at a time while the planets are known 
to have two. 

We have already seen that Adrastus’s successors in the second century 
gradually abandoned all hope of saving the appearances and Aristotle too, 
with Alexander finally preferring the philosopher to the phenomena. The 
debate was not engaged again, so far as we can tell, till the fifth and sixth 
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centuries, and by then Neoplatonism and Christianity had entered the fray. 
Proclus, a pagan Neoplatonist, tried to take a middle view, sustaining Plato 
while accepting a modified Aristotelianism and relegating the astronomers to 
the role of mere calculators. In Proclus’s opinion only the sphere of the fixed 
stars must naturally move in a simple circular motion about the centre of the 
Earth; the planetary spheres, lying in between a body moving in simple circular 
motion about the centre and the four elements in the sublunar sphere moving 
in simple straight motion toward and away from that centre, naturally move 
in a mixed fashion which combines the two types of motion. As the planets 
are ensouled, this mixed motion is voluntary, but it is also periodic. The 
astronomers’ eccentres and epicycles are human constructs enabling man to 
predict planetary positions, but they bear no resemblence to the real construc- 
tion of the heavens.** Philoponus, a Christian Neoplatonist, assumed the 
validity of the astronomers’ hypotheses in order to be able to employ them in 
his arsenal of weapons against Aristotle’s doctrine of the eternity of the celestial 
spheres. Simplicius rejects Philoponus’s arguments without a very serious 
discussion, and seems to incline toward Sosigenes’s view which allows him 
essentially to ignore the problem after an extended examination of the dilemma.* 

From this brief review it is clear that the Indian model which employs a 
double epicycle fits most closely into the attempts of Peripatetics in the late 
first and second centuries to preserve concentricity while explaining some of the 
phenomena. Within the context of the history of Greek astronomy proper also 
it naturally falls between Hipparchus and Ptolemy.** One would expect, then, 
that the model originated between about A.D. 50 and 150 among astronomers 
trying to accommodate Aristotelian physics or among Peripatetics trying to 
accommodate Apollonian and Hipparchan eccentres and epicycles. The actual 
Greek text translated into Sanskrit may well, of course, have been written as 
much as two centuries later. 

The main problem with this hypothetical reconstruction of events is that the 
Indian model does not seem to explain variation in distance as Adrastus had 
tried to do, and as Sosigeses thought it important to do; even Aristotle himself 
was worried by this problem.”’ But we know that Alexander of Aphrodisias 
ignored this matter, and that Polemarchus of Cyzicus, Eudoxus’s pupil, thought 
it unimportant.2* Other Aristotelians might well have done likewise, and, in 
any case, any attempt at conciliating Aristotle with the astronomers had to 
make some sacrifices. 

But Indian astronomical texts do, of course, preserve a method of calculating 
planetary distances, and it is based on the good Platonic and Aristotelian 
principle that every planet travels the same absolute distance in the same 
interval of time,*® rather than on the Ptolemaic principle that the structure of 
eccentres and epicycles fills all the space between the Moon and the sphere of 
the fixed stars.*° For the Indians, then, planetary distance varies inversely with 
planetary velocity." The inferior planets, in this theory, present a difficult 
problem: their mean motions are equal to the Sun’s while the anomalistic 
motion of Venus is less than the Sun’s mean motion. If, then, one uses the 
mean motions of the inferior planets, they are at the same distance from the 
Earth as is the Sun, whereas if one uses their anomalistic motions Venus’s 
orbit must lie between that of the Sun and that of Mars. But in the Indian 
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double-epicycle model, in which the angles at the centre of the epicycles (i.e. the 
mean planet) are measured with respect to a line parallel to the direction of the 
sidereally fixed first point of Aries from the centre of the Earth, the parameters 
for the mean motions of the inferior planets are given in terms of the velocities 
of those planets’ sighras—that is, the sums of their respective anomalies and the 
mean motion of the Sun. By this device, whether of Greek or Indian origin, 
the orbit of Venus is properly positioned between those of Mercury and the Sun. 
In any case, the distances of the planets from the Earth calculated by this 
Indian method are appreciably different from those computed by Ptolemy, and 
there is no contact between their spheres. 

The Indians had still to take into account the problem of the varying distances 
of the Sun and the Moon whose computation is essential for the prediction of 
eclipse magnitudes. These distances they made to vary inversely with the true 
instantaneous velocities of the luminaries.** Thereby, of course, as was inevit- 
able, strict concentricity was lost. This fact, however, does not militate against 
the theory of the Peripatetic origin of the Indian double-epicycle model. 

The effect of the rule for determining the varying distances is that the ratio 
of the diameter of the disc of the luminary to its velocity remains constant. 
That law is apparently first given in the Romakasiddhdnta® and is thereby 
associated with the introduction of a Greek epicyclic model for the Sun and 
Moon into India. This text did not deal, so far as we know, with the problem 
of planetary motion, and therefore nowhere mentions the double-epicyclic or 
any other sort of planetary model. The Indians, moreover, were not concerned 
with the problem of preserving Aristotelian physics and would have seen no 
inconsistency in combining a double-epicycle model for the five star-planets 
derived from one Greek source with a method for computing the varying 
distances of the Sun and Moon derived from another Greek source. The 
transmission of Greek astronomical theories to India, then, was a complex 
process. Many texts were translated, and they represented divergent trends in 
Hellenistic science. The Indian astonomers could not be expected to under- 
stand the philosophical or historical bases of what they received: they simply 
did their best to use this new information in conjunction with their own tradi- 
tions to construct functional systems allowing them to make reasonably 
accurate predictions. 


REFERENCES 


1. See O. Neugebauer, “The equivalence of eccentric and epicyclic motion according to Apol- 
lonius”’, Scripta mathematica, xxiv (1959), 5-21. 

2. See Ὁ. Pingree, ““Astronomy and astrology in India and Iran’, Jsis, liv (1963), 229-246, and 
O. Neugebauer and D. Pingree, The Paficasiddhantika of Vardhamihira (Copenhagen, 1971), 
passim. 


3. See D. Pingree, The Yavanajdtaka of Sphujidhvaja, to appear shortly in the Harvard oriental 
Series. 


Paficasiddhdantikd ΝΕ, 1-6. 
5, Paiicasiddhantikd U1, 1-3. The arguments against a Greek origin presented by B. Chatterjee, 
most recently in her edition of Brahmagupta’s Khandakhddyaka (2 vols., Calcutta 1970: 


vol. i, pp. 264-295), are unconvincing if for no other reason because she assumes that 
Ptolemy is representative of all Greek astronomers. 


6. D. Pingree, “The Paitamahasiddhanta of the Visnudharmotiarapurdna™’, Brahmavidyd, xxxi~ 
Xxxii (1967-68), 472-510 (see HI, 10-11 and IV, 7—12). 


95 


Pathways into the Study of Ancient Sciences 


Saryasiddhdnia 11, 2; Pingree, op. cit. (ref. 2), 242; and Bundahishn as translated by Ὁ. N. 
Mackenzie, “Zoroastrian astrology in the Bundahisn”, Bulletin of the Scheol of Oriental 
and African Studies, xxvii (1964), 511-529 (see especially 516-517). 

8. For a graphical representation of this model see Paficasiddhdantika U1, 101, fig. 59. 


9, Daégagitika, 8-9. The Dasagitika was not always included in the Aryabhajiya; see, e.g., the 
recension of Nilakantha. 


10. Kalakriya, 17-20. 


11. E.g., Brahmagupta (628), Brdhmasphutasiddhanta X1V, 10-11 and XXI, 24; Bhaskara (ca 629), 
Mahébhaskariva 1V, 19-23 and 48-54; and Lalla (ca 750), Sisvadhivrddhida, Goladhyaya, 
Chedyakadhikara 8-12 and Grahagolabandha 3. 


De caelo 1, 2-3 (268b-269b) and II, 5-8 (287b-290b). 


F. Wehrli, Die Schule des Aristoteles, viii: Eudemos von Rhodos (Basel, 1955), 68. Cf. also 
Phaedrus 246E-247C : Republic 616B-617D; Timaeus 34B; 36B-D; 38C~39D; and 40A-D; 
and Laws 821B-822C. 


14. Metaphysics A, 8 (1073a-1074b). 
15, Cf. ref. 27 below. 


16. The eccentric model of the Sun is described by Geminus, Posidonius’s pupil, in /ntreductio 1, 
31-41; see also Cleomedes, I, 6 (the Sun) and II, 5 (all the planets). 


17. Historia naturalis 1, 59-73. 
18. Syntaxis 1, 1. 

19. Syntaxis ΠῚ. 3. 

20. Hypotheses, p. 114, Heiberg. 


21. J. Freudenthal, Die durch Averroes erhaltenen Fragmente zur Metaphysik des Aristoteles 
(Berlin, 1885), 111: Simplicius, Jn De caelo 1, 2 (pp. 31-32, Heiberg). 

22. Simplicius, In De caelo ΤΠ, 12 (pp. 509-510, Heiberg). 

23. Theon of Smyrna, τὰ κατὰ τὸ μαθηματικὸν χρήσιμα εἰς τὴν Πλάτωνος ἀνάγνωσιν, ed. E. 


Hiller (Leipzig, 1878), 181-6. A contemporary qualitative epicyclic model is found in P. 
Mich. 149; see A. Aaboe in Centaurus, ix (1963), 1-10. 


24. Proclus, Jn Platonis Timaeum commentaria, tit, 56-57; 96: and 146-149, Diehl. 
25. Simplicius, /n De caelo I, 2 (pp. 31-33, Heiberg) and ΠῚ. 12 (pp. 504-7, Heiberg). 


26. Theon”of Smyrna asserts (p. 188, Hiller) that Hipparchus (and Plato) preferred the epicycle 
over the eccentric because it is more natural. The authority of this assertion is questionable. 

27. Simplicius, Jn De caelo Il, 12 (p. 505, Heiberg) = fr. 211 in V. Rose, Aristotelis fragmenta 
(Leipzig, 1886). 

28. Simplicius, In De caelo I, 12 (p. 505, Heiberg). 

29. Plato. Timaeus 38E-39B:; Aristotle, De cae/o ΤΙ, 10 (291a~291b). The Indian ascending order 
before Greek influence was felt was apparently Sun, Moon, naksatras, and planets; see 
W. Kirfel, Das Purdna vom Weltgebdude (Bonn, 1954), 48-49 (where, however, the planets 
are listed in the order Mercury, Venus, Mars, Jupiter, and Saturn, indicating a conflation 
of the Greek tradition with the older Indian). 

30. B. R. Goldstein, The Arabic version of Ptolemy's “Planetary Hypotheses” (Philadelphia, 1967), 
6-7: see also N. Swerdlow, Prolemy’s theory of the distances and sizes of the planets, unpub- 
lished dissertation submitted to Yale University in 1968. 


31. See. e.g., Paitamahasiddhdnta ΠῚ, 6-7 and D. Pingree, “Τῆς Later Paulisasiddhanta”, Centaurus, 
xiv (1969), 172-241 (fr. P58-P61). 


32. See e.g., Pait@mahasiddhanta V, 2-4. 
Paficasiddhantika VU, 15. 


96 


THE RECOVERY OF EARLY GREEK ASTRONOMY FROM INDIA 
DAVID PINGREE, Brown University 


The recent publication by O. Neugebauer of his monumental A history of 
ancient mathematical astronomy* provides us with penetrating analyses of the 
remnants of Greek astronomy. Those remains are dominated by “the Greatest’, 
Ptolemy’s Σύνταξις pabnuarixn,? which appears to have been so enormously 
successful that his principal successors—Pappus,* Theon,* and Stephanus*—_ 
limited their activities to the writing of commentaries on it and on the Handy 
tables* that are largely based on it. And of his predecessors’ works virtually 
all that survive intact are the elementary treatises on spherics by Euclid, 
Autolycus, and Theodosius,’ that were incorporated in the early Byzantine 
period into a collection used for instruction in the schools. To supplement 
Ptolemy’s accounts of the work of Apollonius,* Hipparchus,® and other early 
Greek astronomers, historians have had to rely on disparate and often desperate 
sources: on the handbooks written by Geminus?® in about 50 Ap and by 
Cleomedes" in about 370 Ap; on the encyclopedias of Pliny!* and of Martianus 
Capella;!* on the philosophical treatise of Adrastus pillaged by Theon of 
Smyrna and Chalcidius; on the summaries and commentaries of Proclus and 
of Simplicius; on the astrological compendia of Vettius Valens, pseudo- 
Rhetorius, and pseudo-Heliodorus; and on fragmentary inscriptions and papyri. 

However, one of those civilizations that were profoundly influenced by Greek 
culture has preserved a number of texts (composed in the second through 
seventh centuries AD) that represent non-Ptolemaic Greek astronomy. This 
civilization is that of India, and the texts are in Sanskrit.14 It is certain that 
Greek astronomical texts were translated into Syriac and into Pahlavi, as well 
as into Sanskrit, but of the former we still have but little, and of the latter almost 
nothing; and in both cases we must rely for much of our knowledge on late 
accounts in Arabic. The Sanskrit texts, however, though often either 
incorrectly or not at all understood by those who have transmitted them to 
us, formed the basis of a scientific tradition that only in this century has been 
destroyed under the impact of Western astronomy. The object of this paper is 
to characterize the Greek astronomy transmitted to India and to determine the 
times and the places in which this transmission was effected, in so far as that 
is possible. 

The transmission was certainly very complex. It involved many levels and 
periods of Greek astronomy: adaptations of Babylonian lunar and planetary 
theories; the year-length of Hipparchus, an adaptation of his coordinate-system 
for the fixed stars, and his theories of precession and trepidation; tables of 
chords transformed into tables of sines; Peripatetic planetary models employing 
double epicycles and concentres with equants; non-Ptolemaic planetary models 
combining an eccentre with an epicycle; the solution of problems in spherical 
astronomy by means of gnomons and analemmata; the computation and, 
probably, the projection of eclipses; the essential data for computing planetary 
parameters; models for determining planetary latitudes; and the basic theory 
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used in determining planetary distances. And this transmission extended over 
several centuries; it apparently began in the second century of our era, and 
continued till the late fourth or early fifth century. The locations of the 
recipient Indians indicate Western India as the point of entry of these various 
Greek theories; there exists literary, epigraphic, archaeological, and numismatic 
evidence for a massive Greek influence on this area in precisely the period of 
this transmission.*® 

Since none of the original translations of Greek texts into Sanskrit survives, 
we must try to disentangle the transmitted material from the adaptations of 
later authors. Often we have not sufficient evidence to be very confident about 
particular details in the historical process that led to the creation of the 
astronomy of the siddhantas, though the general trend of events is now quite 
clear. The Sanskrit works on which we must especially rely are the following: 


The Yavanajataka (or Greek Genethlialogy) is a poem on horoscopy written by 
Sphujidhvaja in or near Ujjayini in Western India in 269/270 ap.17 This poem 
is based on a translation of a Greek astrological text written in Egypt—-and 
probably in Alexandria—in the early second century AD. The translation was 
made by Yavanesvara, “‘the Lord of the Greeks’, in the Ksatrapa kingdom in 
Western India in 149/150. The seventyninth chapter of the Yavanajdtaka is 
devoted to astronomy. 

The Paitamahasiddhanta, which is the fundamental text of the Brahmapaksa in 
Indian astronomy, was probably composed in the early fifth century αὐ ὖ8 It 
has survived only because of its incorporation in the sixth or seventh century 
into the enormous Vispudharmottarapurdana. 

Aryabhata of Kusumapura or Patalipura, modern Patna on the Ganges East 
of Benares, was born in 476.1° The epoch that he uses in his Aryabhatiya is 
3,600 (== 1,0,0) of the Kaliyuga, or 499 ap. The Aryabhatiya is the foundation 
of the Aryapaksa. He also wrote a work now lost that is the basis of the 
Ardharatrikapaksa. 

Varahamihira, an astrologer of Persian ancestry who lived at or near Ujjayini 
in the middle of the sixth century, wrote a Pancasiddhantika® in which he 
summarized five astronomical texts: a Paitamahasiddhanta whose epoch is 
80 AD and which is based on the elements of Lagadha’s Jyotisavedanga, which 
was written in the late fifth century BC under Mesopotamian infiuence; a 
Vasisthasiddhanta, of which an earlier version was referred to by Sphujidhvaja 
but which was known to Varahamihira in a recension of 499; a Romakasiddhanta 
(Roman astronomical system) and a Paulisasiddhdnta (Paulus’s astronomical 
system), both in the recension of Latadeva, a pupil of Aryabhata; and finally 
Latadeva’s adaptation of a Suryasiddhanta to conform to the Ardharatrikapaksa 
founded by Aryabhata. 

Bhaskara wrote a Bhdsya or commentary on the Aryabhatiya at Valabhi in 
Saurastra in 629, and a Mahdabhdskariya before 628; he also wrote a shorter 
version of the latter entitled Laghubhdaskariya.*+ These works all belong to the 
Aryapaksa. 

Brahmagupta, a resident of Bhillamala, modern Bhinmal near Mt Abu in 
southern Rajasthan, composed the Bradhmasphutasiddhanta in accordance with 
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the tenets of the Brahmapaksa in 628 Ap, and the Khandakhadyaka on the 
basis of the Ardharatrikapaksa in 665 AD.** 


We have already mentioned that Lagadha’s Jyotisavedanga was influenced 
by Mesopotamian astronomy. But it only dealt with calendaric problems, 
involving solar years, synodic months, the variation in the length of daylight, 
and the mean motions of the Sun and the Moon through the naksatras.* 
Babylonian astronomy, however, had also evolved methods of predicting 
planetary positions, particularly the longitudes and times of the occurrences of 
first and last visibilities and of first and last stations. And it could determine 
the true longitude of the Moon. The basic devices employed by the Babylonians 
were period relations, which represent mean motions, and so-called zig-zag and 
step functions, which reflect the deviations from the mean.* In this matter, as 
in all others that have been described elsewhere, I will avoid most details in 
this paper. What is significant for us is only that the Greeks were familiar 
with many of the Babylonian period relations,”° and had developed a method 
(which is preserved now only in some papyri and late astrological texts) of 
arriving at approximate planetary longitudes from the mean elongations of 
the planets from the Sun at the times of the occurrences of the Greek-letter 
phenomena. 

The Indian adaptations of Greek texts had adopted a technique of computing 
planetary longitudes based on two steps. The days since epoch—the ahargana 
in Sanskrit—when divided by the days in successively smaller period relations 
yield a remainder that indicates how much has elapsed of the current smallest 
period, which is an anomalistic month in the case of the Moon, its synodic 
period in the case of each of the five star-planets. Such rules for the Moon 
are preserved in Greek papyri,”° and, at a primitive level, for the planets in the 
Anthologies of Vettius Valens.2”7 Then the longitudinal increment to the Moon 
since the beginning of the current anomalistic month is found by means of the 
summing of a zig-zag function of lunar velocity. Such a zig-zag function of 
daily lunar motion is found in the Jntroduction of Geminus.** The longitude 
of a planet is found from the days since the beginning of its synodic period by 
dividing that period into sections between phenomena, and assigning a velocity 
to the planet in each section as it falls in specified arcs of the eJiptic. Such .< 
methods again are attested in Demotic and Greek papyri.*® 

These techniques as preserved in the Sanskrit texts were certainly not invented 
in India, which lacked the astronomical tradition necessary for their develop- 
ment. Nor were they introduced directly from Mesopotamia since they first 
appear, in a crude form, in the Yavanajataka, which is based on the translation 
of a Greek text made three-quarters of a century after the last dated cuneiform 
ephemerides was inscribed. The full forms of these techniques are found in 
India only in texts, the Vasistha and the Paulisa, of the third or fourth century 
which represent translations of Greek texts other than that translated by 
Yavanesgvara. The papyri, Geminus, Vettius Valens, and the three Sanskrit 
texts all attest to the popularity of this Greco-Babylonian astronomy in the 
Roman Empire in the first three or four centuries of our era. 

Another Greek adaptation of Babylonian material that was transmitted to 
India is System A of the rising-times of the zodiacal signs, which we know in 
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Greek from a number of texts,°° but which appears first in India in the 
Yavanajataka and is often repeated thereafter. This also, as it employs the 
zodiacal signs introduced into India by Greek sources (as is indicated by their 
Greek names and iconography) in the second century AD, could not have come 
directly from Mesopotamia even though it is based on the same Babylonian 
ratio of the longest to the shortest day in the year, 3:2, that was used in the 
Jyotisavedanga and its derivatives. 

Other material that reached India from Greece between the second and fourth 
centuries seem related to the Hipparchan tradition. The length of a year in the 
Jyotisavedanga, for instance, had been 365 days—an Egyptian parameter also 
used, apparently, in Achaemenid Iran. Sphujidhvaja describes a yuga of 165 
years, which he calls Greek, in which the year is tropical and contains 
6,5;14,32 days. Elsewhere he gives a year-length of 6,5;14,47 days; a trivial 
emendation of the unique manuscript produces 6,5;14,48 days, which is the 
value established by Hipparchus and adopted by Ptolemy. This Hipparchan 
year-length was also used in the Romakasiddhanta, where it was combined with 
the Metonic 19-year cycle to produce a yuga of 2,850 (150-19) years, in which 
there is an integer number of days (1,040,953). This yuga or annus magnus, 
though not recorded by Censorinus, must be of Greek origin since the Metonic 
cycle is not otherwise known in India. 

Another Greek year-length that is found in the Sanskrit texts of this period is 
6,5;15 days—a Julian year—which is attested in the Vasisthasiddhanta. The 
occurrence in this text of the parameter that was adopted in Rome in -- 44 and 
in Egypt between -- 25 and -- 22 supports the theory that its other basic 
contents—the Greco-Babylonian methods of computing lunar and planetary 
longitudes—also came from a Greek source. 

But since the fifth century ap the normal Indian year has been sidereal rather 
than tropical. And the earliest sidereal year that is attested in the Sanskrit 
texts also belongs to our material. It is 6,5;15,30 days, found in the Paulisa- 
siddhanta; this parameter is derived by equating 120 years with an integer 
number of days—43,831. It is found, as far as I am aware, in one other source: 
al-Battani attributes it to “the Egyptians and Babylonians”. Al-Battani could 
only have derived this information, whether it is in any sense correct or not, 
from a Syriac or Arabic source that had in turn derived it from a Greek original. 
Therefore, I believe that we can be confident that the Paulisa’s year-length 
occurred in a Greek text. Again, the Paulisa, like the Vasistha, preserves 
Greco-Babylonian methods of computing lunar and planetary longitudes; its 
Greek year-length supports the theory that they also were developed in Greece. 

The difference between a sidereal and a tropical year, of course, is precession, 
which Hipparchus established as 1° in between 77 and 100 years. The Romaka, 
we are informed by Bhaskara in his Aryabhativabhdsya, argued against the 
fixed colures of the Jyotisavedanga in favour of a motion of the solstices; it 
proposed a precession of approximately 1° in 60 years.*! The parameter does 
not seem to be Greek, but the idea certainly is. The same can be said of the 
theory of trepidation. It was known among the Greeks to Theon in the fourth 
century and to Proclus in the fifth, though it seems in fact to be another 
Hipparchan hypothesis;** it occurs first in India in association with one 
Manindha, a name which is the Sanskrit transliteration of Manetho. In 
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Manindha’s theory the amplitude of the trepidation is 27° on either side of 
sidereal Aries 0° and the rate is 3° in 200 years, which is precisely the value of 
precession that Yahya ibn Abi Mansi claimed to have established on the 
basis of an autumnal equinox that he observed on 19 September 830. The 
sidereal and tropical zodiacs were considered by Manindha to have coincided 
at the beginning of the Kaliyuga in -- 3101; in his theory they will coincide 
again in precisely 3,600 years, or in 499 ab. As we shall see later, this choice 
of epochs dates Manindha to the beginning of the Greek period of Indian 
astronomy—the fifth century Apb—and is a most important indicator of the 
way in which the Indians derived their parameters for the mean motions of 
the planets. The earlier Greco-Babylonian period, then, was probably familiar 
only with precession. 

As we have seen, the Vasistha and Paulisa compute the lunar longitudinal 
increase within an anomalistic month by means of the summing of a linear 
zig-zag function based on lunar velocity. But the Romaka, which has no 
planetary theory, tabulates, for the Sun and the Moon, their equations of the 
centre for intervals in mean motion of 15°—that is, of the βαθμός or half- 
sign familiar from Hellenistic Greek astronomy.** These tables as preserved 
by Varahamihira are corrupt, but it is clear that the solar apogee was placed 
at Gemini 15° (a choice determined by the use of the βαθμοί); that the maximum 
solar equation is 2;23,23° (Hipparchus’s and Ptolemy’s is 2;23°); and that the 
maximum lunar equation is 4;46°. This last number is one of Hipparchus’s 
estimates of the radius of the Moon’s epicycle expressed in sixtieths of the 
radius of the deferent. Varahamihira, therefore, may have misunderstood ἃ 
table of sines of the equation, with R equalling 60, as a table of the equations 
themselves. It is not clear what model was used to compute these equations, 
but the structure of the tables using βαθμοί and the Hipparchan values of the 
solar and probably lunar equations suffice to prove their Greek origin. 

Similar to these tables in the Romaka is the table of the equation of the 
centre of the Sun found in the Paulisa. In this table the equations are given 
for the beginnings of the zodiacal signs, and the solar apogee is located at 
Gemini 20°; the maximum equation is 1;12°, which the text should have 
instructed one to double in order to produce 2;24°, a close approximation to 
Hipparchus’s value. Again we seem to be dealing with a Greek table. 

The rules for computing lunar latitude and parallax in Varahamihira’s 
summaries of the Romaka and Paulisa assume the use of a sine-table in which 
R = 120. We do not know whether or not this value was also used in the two 
original siddhantas, but it strongly suggests a derivation from a Greek chord- 
table in which R = 60 since sinyo99 = chrdgy2@. We have such a Greek chord- 
table with R == 60 very accurately computed by Ptolemy. But Varahamihira’s 
sine-table is not derived directly from Ptolemy since it is less accurately com- 
puted; in six out of twentyfour cases it deviates from the true sine by a sixtieth 
of a part, whereas a comparable sine-table with R = 120 derived from Ptolemy’s 
table of chords never deviates by more than a sixtieth of a sixtieth of a part. 
This leads one to suspect that the origin of the Indian sine-table with R = 120 
is a pre-Ptolemaic, or rather pre-Menelaus, chord-table with R = 60. I believe 
a Greek origin is also indicated by the choice of the interval in the Indian 
table: 3;45°. For this is a fourth of a βαθμός. The pre-Menelaus Greek chord- 


101 


Pathways into the Study of Ancient Sciences 


table, then, would have been computed for intervals of 7;30° or half a βαθμός, 
as Hipparchus’s apparently was. Since Ptolemy did not use a sine-table, nor 
did any of his Greek successors that we know of, it is more likely that an 
Indian thought of using that function than that it had already been tabulated 
in Greece. 

Another early Indian sine-table uses 3438 as the value of R; it first appears 
in the Paitamahasiddhadnta in the early fifth century, and is the closest integer 
corresponding to R in the formula πὶ = ᾿Ξ if C == 21,600, the minutes in a 
circle. This Indian sine-table is closely related to Hipparchus’s chord-table as 
reconstructed by Toomer," in which R also is 3438 and the interval is 7;30°. 

The actual methods of computing longitudinal and latitudinal parallax in 
the Sanskrit texts differ from those of Ptolemy and from what we know of 
Hipparchus, but the determination of the cause and magnitude of lunar and 
solar parallax and its analysis into two vectors strongly suggest a Greek origin 
for the Indian computations that is post-Hipparchan and non-Ptolemaic. The 
computation of the durations of eclipses and eclipse-magnitudes in the Romaka 
and Pauligfa are based on a model in which the lunar orbit is assumed to be 
parallel to the ecliptic. Such approximative models could also be Greek in 
origin, though there seems to be no extant evidence of their existence in Greece. 
Ptolemy, of course, computes the elements of an eclipse on the basis of the 
correct model with inclined lunar orbit. 

Furthermore, the Paulisa presents a method of projection for eclipses that 
is used for determining the directions of impact and release relative to. an 
“east-west” line. This information, like that of the colours of eclipses also 
discussed in the Paulifa, was used in making predictions of terrestrial events 
as it had also been so used in the Babylonian astral omen-series Enuma Anu 
Enlil and in Greek omen texts ultimately derived therefrom. 

The computation of the deflection of the “east-west” line from the ecliptic 
in these projections as described in later texts and that of lunar visibility in 
chap. 5 of the Paficasiddhantikaé involve a modified Hipparchan coordinate- 
system—polar longitudes and polar latitudes.** These determine the distance 
of a celestial body from the ecliptic along the meridian that passes through it, 
and the longitude of the point of intersection of that meridian and the ecliptic. 
This system of coordinates is commonly used in later Indian texts in solving 
problems of the visibilities and conjunctions of planets and stars. It is certainly 
Greek; perhaps also ultimately Greek is the Indian method of converting 
ecliptic into polar coordinates. 

Finally, the Paulisa is the earliest Sanskrit text to utilize an analemma and 
the characteristic day-circle, Earth-sine, and ascensional difference to solve 
problems relating to local time. This kind of analysis was greatly developed 
by later Indian astronomers, but its origins also go back at least to Hipparchus. 

This summary has covered virtually everything that can be recovered of 
Indian astronomy from the period between the second and fourth centuries AD. 
There seems to be very little in it that one can positively assert to have originated 
in India, and an overwhelming accumulation of evidence pointing to at least 
four Greek sources, transformed in Western India into the Yavanajdtaka and 
the siddhantas of Vasistha, Romaka, and Paulisa. They represent an astronomy 
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that owed much to the Babylonians and to Hipparchus, but nothing to Ptolemy. 
It would be as foolish to believe that the Indians have not modified their 
borrowings, as it would be difficult to determine precisely what those modifica- 
tions were. But there can remain little doubt that much of the character of 
this non-Ptolemaic Greek astronomy has survived the transmission. But, while 
Indian astronomers at the end of this Greco-Babylonian period could compute 
many celestial events, they had not the theoretical methodology or observational 
material necessary to devise the cinematic planetary models that appear in the 
next, ““Greek”’ period. 

This Greek period begins in the fifth century Ap, and is characterized as far 
as planetary theory is concerned by the use of the yuga system (inspired by 
the Greek anni magni and realized in the Keskinto Inscription**) for determining 
mean longitudes, and by the use of geometrical models to explain the planets’ 
deviations from those mean longitudes. These planetary models have been 
discussed elsewhere: the eccentric with epicycle is pre-Ptolemaic, and is found 
in an early Arabic text of Masha’allah, to whom it was transmitted through a 
Syriac source;*? the double epicycle that solves a Peripatetic problem by 
accounting for two inequalities while preserving the concentricity of the 
planets;°* and the concentric with equant which also generates the proper 
unequal motion of a planet on a concentric.*® All of these models are clearly 
Greek; the existence of three suggests the translation of several Greek astro- 
nomical texts into Sanskrit under the Guptas in the late fourth and early fifth 
centuries, The problem is that the Indian parameters of mean motions and of 
epicycle dimensions appear to be unique. 

A solution to the mean motion problem has recently been offered by Roger 
Billard.*° He has demonstrated that of the three original Indian astronomical 
systems, in the two originated by Aryabhata, the Aryapaksa and the Ardharatrik- 
apaksa, the planetary mean longitudes are generally in error but converge on 
correct values in about 510 AbD, when also approximately the Indian sidereal 
zodiac coincided with the tropical, whereas the mean longitudes in the 
Brahmapaksa never converge as satisfactorily. From these data, but with the 
neglect of much other relevant evidence, Billard concludes that Aryabhata’s 
work is based on his own careful observations, and that he was the true 
inventor of Indian planetary theory. 

In fact, we know from several sources that the Brahmapaksa is older than 
Aryabhata, who in fact refers to it; a Brahmapaksa text, the Paitadmahasiddhanta, 
existed in the early fifth century, while Aryabhata was born in 476 Ap. This 
fact alone disproves Billard’s theory; further doubt is cast upon it by the 
impossibility of it happening that an observer who used Aryabhata’s method 


TABLE 1. 

Planet λ Distance from ζ Piscium 
Saturn 290 :48° —~- 29 45° 
Jupiter 325 :04° -4+-4:27° 
Mars 301 :548° -- 18:42° 
Sun 314;38° τῷ Ὁ 1895 
Moon 323 :02° -+-2:25° 
Ascending node 153 ;39° —~ 1663;58° 
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Planet Ptolemy 
λ 


Saturn 48 40° 
Jupiter 188 ;06° 
Mars 7:08° 
Venus’s Sighra 356:45° 
Mercury’s Sighra 184° 

Moon 283 ;30° 
Ascending node -7:11" 


TABLE 2. 


Aryapaksa 


R 


146,564 
364,224 


17,937,020 
57,753,336 
—~ 232,226 


Ardharatrikapaks 


R 


146,564 
364,220 
2,296,824 
7,022,388 
17,937,000 
57,753,336 
~~ 232,226 


of computing true longitudes could derive correctly the planets’ mean longitudes 
from observations of their true longitudes. Moreover, what we know of Indian 
astronomical observations does not lead us to expect any success of the sort 
that Billard attributes to Aryabhata. There were no adequate instruments 
for measuring celestial angles, and those who discuss observations—e.g., 
Bhaskara 1 and Brahmagupta—are interested in demonstration rather than 
discovery, and so are content with very crude and makeshift procedures. All 
Indian astronomers have been content to operate with a tradition of longitudes 
and latitudes, polar or ecliptic, of so-called ‘junction stars’. These do not in 
fact correspond to the actual distribution of any set of stars in the heavens. 
Since the Indians employ a sidereal reference-system for all longitudes, it is 
difficult to see how they could both have been in the habit of observing and 
have been content with their traditional star-catalogues. 

But if Aryabhata did not observe, how did he arrive at mean motions that 
produce results more correct for his own time than for any other? The answer 
is extremely simple: he used Greek tables of mean motions to compute the 
mean longitudes for a specific time, and thence derived the rotations in a 
Mahayuga. 

The procedure followed by Aryabhata can be reconstructed as follows. The 
Brahmapaksa assumes an approximate mean conjunction of the planets at 
sidereal Aries 0° (where Aries 0° is approximately the longitude of ¢ Piscium) 
at sunrise on 18 February —3101. Indeed, if we compute with the Almagest 
this estimate is not horrendously bad. 

The interval from the beginning of the Kaliyuga till Ptolemy’s epoch of 
noon 26 February — 746 is 860,172} days, or 2356 Egyptian years, 7 months, 
22 days and 6 hours, while at Ptolemy’s rate of precession the longitude of 
ζ Piscium was 320;37°. The mean longitudes of the planets and their distances 
from ¢ Piscium according to Ptolemy at the beginning of the Kaliyuga are 
given in Table 1. 

Aryabhata wishes to be able to avoid the use of the Kalpa of 4,320,000,000 
years that is the basis of the Brahmapaksa’s computation of the mean longitudes 
of the planets; therefore he chooses the shorter period of a Mahayuga of 
4,320,000 years, in which he seeks to find an integer number of rotations, R, 
for each planet. He further restricts his choice by dividing the Mahayuga into 
four equal parts, of which the last—the Kaliyuga—begins with the mean 
conjunction of —3101. Therefore all his R’s (except those for the lunar 
mandocca and node, which were not at Aries 0° at the beginning of the Kaliyuga) 
must be divisible by four. 
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TABLE 3. 
Brahmapaksa Rotations in R R 
3600 years 


Saturn 146,567,298 122-- 48:40° 146,564 
Jupiter 364,226,455 303 +- 188 :06° 364,227 364,228! 
Mars 2,296,828 ,522 1914+ 7:08" 2,296,823 +- 2,296,824 
Venus's Sighra 7,022,389,492 5,851 +-356:45" 7,022,389 + 7,022,388 
Mercury's sighra 17,936,998 ,984 14.947. 184° 17,937,013 -- 17,937,012* 
Moon §7,753,300,000 48,127 4-283 ;30° 57,753,345 57,753,344 
Ascending node ~~ 232,311,168 —~(193-+- 87;11°) — 232,223 + -- 232,2264 


Notes 
1. Aryapaksa: 364,224; Ardharatrikapaksa: 364,220. 
2. Aryapaksa: 17,937,020; Ardharatrikapaksa: 17,937,000. 
3. Aryapaksa and Ardharatrikapaksa: 57,753,336. 
4, This number must be divisible by two but not by four so that the longitude of the node is 
180° at the beginning of the Kaliyuga. 


He determined the values of R, I would suggest, by computing from his 
Greek table the mean longitudes of the planets at noon of 21 March 499, 
which was precisely 3600 or 1,0,0 of Aryabhata’s years of 6,5;15,31,15 days 
a of a Mahayuga, the 
rotations of each planet in 1,0,0 years multiplied by 20,0 will give their R’s. 
An initial estimate of the rotations in 3600 years would have been based on 
the Brahmapaksa parameters; these would then have been corrected on the 
basis of the computed mean longitudes for 499. 

In Table 2 I have computed the mean longitudes of the planets, A, at noon 
of 21 March 499 according to Ptolemy and, from the Aryapaksa’s and the 
Ardharatrikapaksa’s R’s, the corresponding A’s for the end of 3600 years of 
Kaliyuga. Note that Aryabhata is the author of both the Indian paksas, and 
that the sighra is the sum of the mean motions of the Sun and the planet’s 
anomaly. The sighra is also used in the Keskinto Inscription. In Table 3 
I compute from the Brahma’s R’s in a Kalpa and Ptolemy’s ’s for 21 March 
499 the nearest R’s in a Mahayuga that are divisible by four. | 

These tables do not prove that Aryabhata used Ptolemy, but rather that he 
used some other Greek source close to Ptolemy. They also demonstrate how 
trivial Aryabhata’s task was once he had a Greek set of tables of planetary 
mean motions, and explain his apparent accuracy in the early sixth century 
and increasing inaccuracy as one moves away from his own lifetime; the 
first reflects the accuracy of the Greek tables, the second the inaccuracy of 
his assumption of a mean conjunction in —3101. Finally, it shows that his 
parameters are simple modifications of those of the Brahmapaksa, so that his 
statement at the end of the Aryabhatiya that his system is derived from Brahma’s 
is, in fact, correct. 

The author of the Brahmapaksa, who wrote some 75 years before Aryabhata, 
did not use a Greek table to establish his values of R; as I reconstruct it, he only 
used period relations such as those familiar from Babylonian times and trans- 
mitted to India by the Greeks. Note that such sidereal relations are presented, 
though inadequately, in the Keskinto Inscription and by Achilles (third 


since the beginning of the Kaliyuga. As 1,0,0 years is 
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century ?). The author of the Brahmapaksa computed from the transmitted 
Greek relations the rotations, R’, of the planets over a Kalpa of 4,320,000,000 
years so that the R’ of each is in the hundreds of millions or in the billions; 


; . 4,320,000,000. 


Adjustments then can be made on the order of several thousand without 
observably altering the yearly mean motions. In fact, a difference of 3600 
rotations in a Kalpa means a difference of about one minute in the yearly 
mean motion. 

Somewhere within the expanse of the Kalpa lies the beginning of the Kaliyuga, 
at which time there occurred approximately a mean conjunction of the planets. 
It cannot be in the middle because the lunar mandocca had a longitude of 90° 
on 18 February — 3101, but it must be located fairly far within the Kalpa so 
that small adjustments to R’ will produce sufficiently large corrections. More- 
over, it was one of his goals to have a mean conjunction of the Sun and the 
Moon at the beginning of the Kaliyuga, so that the Moon’s mean longitude 
must be 0°. 

If we call the interval between the beginnings of the Kalpa and the Kaliyuga, 
which theoretically must be a multiple of 432,000, ὦ, and the years in the 
Kalpa—4,320,000,000-— Y, the mean longitude of the planet in rotations at 
the beginning of the Kaliyuga is given by the formula 


es 


if a planet makes a sidereal rotations in b years, then R’ = 


For the Moon, R == 57.753,300,000, and since ὦ = a. 432,000, 
d a. 432,000 a 
Y  4,320,000,000 10000" 
From this it follows that 
d 
Ὕ 
i.e., that r is an integer and the mean longitude of the Moon is indeed 0°. 


The problem remains to select a. Our astronomer chose 4,567, so that 
d == 1,972,944,000 years. Now for all the planets except the Sun and the Moon, 


Ro = 4.577530, 


oe ες ᾿ ᾿ 
KR. Ὑ will produce an integer number of revolutions plus a residue, c’. This 


residue must be reduced nearly to 0 (the Brahmapaksa seeks only an approxi- 
mate mean conjunction at Aries 0° at the beginning of the Kaliyuga) by 
changing R’ to R. If the difference between Κ΄ and R be denoted x, the problem 
reduces to an indeterminate equation: 


4567x—10000y = ε΄. 


The solution of such an equation by the kuttaka or pulverizer (a development 
from the so-called Euclidean algorithm and therefore another adaptation of 
material transmitted from Greece*™) is familiar to us from early Indian astro- 
nomical works. In the Mahdabhaskariya and the Bradhmasphutasiddhanta it is 
applied exclusively to problems of planetary mean motion; Aryabhata, who 
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APOGEES 


Ptolemy Brahmapaksa (628) Aryapaksa Ardharatrikapaksa 


Saturn 3° 260;55° 2365 240° 
Jupiter ΠΝ 172.30᾽ 160° 
Mars 15:10" 128 :24° 110° 
Sun 30° 77:55 Ἵ 
Venus ἥ 81:15" 
Mercury " 224 ;54° 


Saturn : 103 ;12° 
Jupiter a Ne 82:01" 
Mars ἐς 31:54" 
Venus 43° 59:47" 
Mercury 25; 21}11" 


TABLE 5 


does not need it for deriving his R’s, gives it a more generalized expression. 
The solution of 
4567x,— 10000y, = | 

yields x) = 8903, yy == 4066. With the multiplier 8903 and c’’s adjusted to 
produce convenient results, one can compute the new R’s that produce an 
approximate mean conjunction in —3101 and reasonably good results in the 
fifth and sixth centuries AD. But there will indeed be no pattern of the different 
mean motions converging in accuracy at some specific time, as that is not a 
goal built into the computation. Thereby the difference observed by Billard 
to pertain between Aryabhata’s two paksas and the Brahmapaksa can be 
explained by the difference between their methods of deriving the R’s of 
the planets. 

Once the R’s were obtained it remained a problem to determine the dimensions 
of the epicycles. The Indians give these as the circumferences measured in 
units of which there are 6,0 in the deferent. Therefore, since Ptolemy gives 
the eccentricities and radii of the epicycles measured in parts of the radius of 
the deferent, which is 1,0, we can compare the Indian values with Ptolemy’s 
by multiplying the latter or dividing the former by six. The circumferences of 
the epicycles are given in Table 4 with the corresponding values of the 
eccentricity and radius in Ptolemaic units. Precise identities are in italics; 
the mean values of the Aryapaksa’s parameters are used for this purpose. 

Again, there is no evidence whatsoever that the Indians had an appropriate 
methodology for deriving these parameters, all of which are identical with or 
very close to Ptolemy’s. If the models are of Greek origin, so must be their 
parameters. The most serious differences between the Ptolemaic and the Indian 
sets of parameters are located in the longitudes of the apogees (Table 5), where 
the Indian values are all higher than Ptolemy’s. Clearly, as Ptolemy’s apogees 
(except for the Sun’s) are fixed with respect to the fixed stars, the addition to 
his longitudes of the difference between his longitude of ¢ Piscium and Aries 0° 
in 138 AD, which is 7°, will cause the longitudes of his apogees to be measured 
from the same sidereal point as are the Indians’. However, this correction 
obviously is insufficient. But the same observations ought to be used to 
determine the directions of the apsidal lines and eccentricities. Therefore, 
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the most plausible hypothesis seems to be that the parameters of the Brahma 
and Arya paksas are the results of two independent Greek derivations of these 
elements, and that the astronomers who made them did not depend on Ptolemy. 
The parameters of the Ardharatrikapaksa are not independent; they differ 
from the others because of their mode of expression. 

Another part of the Indian planetary theory that is derived from a Greek 
source is that relating to latitude. The Indians assume, as does Ptolemy in the 
Handy tables, that the planes of the epicycles of the superior planets are parallel 
to the plane of the ecliptic, while the planes of their deferents and those of the 
epicycles of the inferior planets are inclined with respect to it. The Indians, 
however, employ a far simpler method of computation than does Ptolemy. 

Finally, the problem of the geocentric distances of the planetary orbits is 
solved by the Indians by applying the Greek idea that each of the planets 
travels the same linear distance as do all the others in a given period of time. 
Since a Kalpa is one such given period, the distance travelled by each planet 
within it is the product of its R and the circumference of its orbit in some 
units: the Indians use yojanas. There will be one product, O, for all of the 
planets, so that the orbit of each in yojanas is ᾿Ξ 

To translate this theory into numbers the Indians chose to assign a value 
to the length in yojanas of a minute in the orbit of the Moon; this is clearly 
related to the estimate of the circumference of the Earth since lunar horizontal 
parallax, estimated by the Indians to be about 0;53°, 15 simply the radius of 
the Earth seen at the distance of the Moon. The Brahmapaksa assumes that a 
minute in the orbit of the Moon equals 15 yojanas, which would make the 
Earth’s radius about 795 yojanas and its circumference 4993; the texts of the 
Brahmapaksa give the Earth’s circumference as 5000. Aryabhata, on the other 
hand, assumes that each minute in the Moon’s orbit contains 10 yojanas so 
that the Earth’s radius is about 530 and its circumference about 3328; in fact, 
he gives the diameter as 1050 and the circumference as 3200, which implies a 
horizontal parallax of 0;52,30°. Simple multiplication and division will produce 
the radii and circumferences of the remaining planetary orbits. By using the 
R’s of the Sighras of the two inferior planets rather than those of their anomalies 
the Indians succeed in locating the orbit of Venus below that of the Sun. They 
had no reason for desiring this result, but the question had been much discussed 
among the Greeks, most of whom had agreed on the order adopted by the 
Indians. It is tempting, therefore, to see the Indian method of computing 
planetary distances and their use of the Sighras of the inferior planets as parts 
of a unified Greek cosmological scheme. 

In summary, then, we can point to evidence indicating that at least four Greek 
texts expounding Greco-Babylonian astronomy were transmitted to Western 
India in the second, third, and fourth centuries when the area was ruled from 
Ujjayini by the Western Ksatrapas, whose territories maintained close com- 
mercial ties with the Roman Empire and were hosts to large numbers of Greek 
expatriates. Furthermore, it is apparent that some Greek texts (probably two) 
on planetary theory that were strongly influenced by Peripatetic notions of 
cosmology and a set of astronomical tables were transmitted to the same area 
of India shortly before or after 400 ap, when it had come under the domination 
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of the Guptas. If one exercises some care in separating from this material the 
Indians’ modifications of it, there remains a great deal of genuine Greek 
astronomy that helps to remind us that the A/magest did not immediately cause 
the loss of non-Ptolemaic astronomy. 
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THE PRECEPTUM CANONIS PTOLOMEI 


Toward the middle of the sixth century the former secretary of the 
Ostrogothic king, Theoderic, the Senator Cassiodorus composed for the 
monks of his monastic foundation, Vivarium, a guide to sacred and pro- 
fane literature!. The last substantive chapter, before the conclusio, of 
the second book of the /nstitutiones is on the last of the seven liberal 
arts, De astronomia*. Cassiodorus begins this chapter with a brief 
compilation of appropriate passages from Scripture, and then proceeds 
to define the sixteen topics that he believes astronomy to consist of : 
«spherica positio, sphericus motus», and so on>. Certain technical 
terms that occur among these sixteen topics he not only defines, but for 
each provides the Greek equivalent. So for the forward motion of the 
planets, which he calls in Latin «praecedentia vel antegradatio», he gives 
the Greek «propodismos>» ; for the planets’ retrograde motion, «remotio 
vel retrogradatio» in Latin, he gives the Greek «ypopodismos aut ana- 
podismos» ; and for their stations, «status» in Latin, he provides the 
Greek «stirigmos». The Latin terms were copied by Isidore of Seville in 
his Etymologiae4, and thence were borrowed by numerous medieval 


1 Cassiodori Senatoris Institutiones, ed. R.A.B. MYNORS, Oxford, 1937, re- 
printed 1961, henceforth cited as /nst. 

2 Inst., p. 153-157. 

3 This list, on p. 154 of Inst. with definitions on p. 154-155, is a very inadequate 
summary of the topics normal to astronomy. It includes spherics ; mean motions of 
the planets ; direct and retrograde motions and stations of the planets ; the computus, 
which presumably includes solar and lunar theory ; the sizes of the Sun, the Moon, 
and the earth ; and solar and lunar eclipses. The section on spherics does not include 
right or oblique ascensions ; the section on the planets seems not to include a direct 
discussion of the two inequalities of planetary motion ; it is unclear how much of 
solar and lunar theory is included under computus ; and there is no reference to the 
fixed stars. So far as I am aware Cassiodorus’ list corresponds to the contents of no 
known astronomical text in Greek or Latin. 

4 Etymologiae Ul 68-70 in Isidori Hispalensis Episcopi Etymologiarum sive 
Originum Libri XX, ed. W.M. LINDSAY, 2 vol., Oxford, 1911, henceforth cited as 
Etym. Cf. HRABANUS MAURUS, De computo 37, in Rabani Mogontiacensis Epis- 
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authors ; but in the Latin literature before Cassiodorus they do not occur 
— except for retrogradatio or retrogradus°? — in Pliny, Firmicus Mater- 
nus, Macrobius, Calcidius, or Martianus Capella. The Latin terms, 
then, seem to be Cassiodorus’ own translations of the Greek terms that 
he cites. 


These Greek terms — προποδισμός, ὑποποδισμός, ἀναποδισμός, 
and στηριγμός — are common in Greek astronomical and astrological 
texts. The question, then, is apparent : did Cassiodorus know enough 
Greek and enough astronomy to be able to peruse, say, Ptolemy’s 
Σύνταξις or Proclus’ ‘Ynotunwois, to pick out these terms, and to 
understand their meaning ? Or did he find them in a Latin text other 
than those we have mentioned ? Though Cassiodorus was certainly 
capable of translating Greek®, he does not give any evidence of having 
an advanced knowledge of astronomy sufficient to allow him to read 
Ptolemy or Proclus. But there is evidence that he consulted the Latin 
version of Ptolemy’s Kavoves πρόχειροι or Handy Tables, that is, the 
Preceptum canonis Ptolomei, in whose instructions Greek technical 
terms are presented in transliteration’. Though the parts of the Precep- 
tum that dealt with the forward and retrograde motion and the stations of 
the planets are no longer present in the manuscripts that have survived of 
that curious work, we shall soon see that their absence can be explained. 


But now we must return to the chapter De astronomia in book II of 
the Institutiones. Cassiodorus proceeds after his enumeration and defi- 


copt De computo, ed. W.M. STEVENS, Turmhout, 1979, p. 163-331, esp. p. 249 
(Corpus Christianorum, Continuatio Mediaevalis, XALIV) ; this edition is henceforth 
cited as De comp. 

> Retrogradus occurs eight times in Firmicus Maternus’ Mathesis ; see lulii 
Firmict Materni Metheseos Libri VII, ed. W. KROLL, F. SKUTSCH, and K. ZIE- 
GLER, 2 vol., Leipzig, 1897-1913, 2, p. 368 and 379. And Martianus Capella uses 
the word retrogradatio once, in VIII, 881 ; see Martianus Capella, ed. J. WILLIS, 
Leipzig, 1983, p. 334. 

6 See P. COURCELLE, Late Latin Writers and their Greek Sources, translated by 
H.E. WEDECK, Cambridge, Mass., 1969, p. 356. 

7 It was assumed by E. HONIGMANN, Die sieben Klimata und die Πόλεις 
᾿Επίσημοι, Heidelberg, 1929, p. 103, and by A. VAN DE VYVER, Les plus anciennes 
traductions latines médiévales (X°-XI° siécles) de traités d’ astronomie et d’ astrologie, 
in Osiris, 1 (1936), p. 658-691, esp. p. 687, that Cassiodorus refers to the Greek 
Kavoves πρόχειροι rather than to the Preceptum ; it will be argued below that this 
assumption is unfounded. 
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nition of the sixteen topics of astronomy to describe the literature per- 
tinent to that science’ : «De astronomia vero disciplina in utraque lingua 
diversorum quidem sunt scripta volumina ; inter quos tamen Ptolomeus 
apud Graecos praecipuus habetur, qui de hac re duos codices edidit, 
quorum unum minorem, alterum maiorem vocavit astronomum». Pto- 
lemy’s «minor astronomus» may be the μικρὸς dotpovopoupevos to 
which the scholiast to the Vatican manuscript of Pappus, Vat. gr. 218, 
refers at the beginning of book VI of the Zuvaywyn?, and the μικρὸς 
ἀστρονόμος that Theon is said in an anonymous text on isoperimetric 
figures to have commented on!9. This latter text is part of the Εἰσαγωγη 
to Ptolemy’s Σύνταξις that Mogenet has shown to have probably been 
composed by Eutocius!!, who wrote in about the year 500. The Little 
Astronomy was probably the collection of mainly Hellenistic texts on 
astronomy and geometry that are preserved as a corpus in Byzantine, 
Arabic, and medieval Latin manuscripts!2. None of these texts, how- 
ever, is by Ptolemy; so that it remains problematical why Cassiodorus 
should have claimed that his «minor astronomus» was by the great 
Alexandrian}3, The «maior astronomus» of Ptolemy, however, must be 
his Luvtaéis. Though it was known, probably already in the third cen- 
tury, as mgstyk i hromay in Pahlavi!4 — it is from this Pahlavi corrup- 
tion of the Greek μεγιστή that the Arabic al-majisti is derived, whence 
our Almagest — the earliest reference to it in Greek with a title corres- 
ponding to Cassiodorus’ «maior» is found, as far as 1 am aware, in the 
commentary on Archimedes’ KukAou μέτρησις written by the same Eu- 
tocius who mentioned the μικρὸς ἀστρονόμος ; there is mentioned the 
Μεγάλησύνταξις of Claudius Ptolemaeus!>. All of this hints at some 
connection between the source that Cassiodorus used for the sentence 


8 Inst., p. 155-156. 

9 Pappi Alexandrini Collectionis quae supersunt, ed. F. HULTSCH, 3 vol., Berlin, 
1875-1878, reprinted Amsterdam, 1965, 2, p. 474 ; henceforth cited as Coll. 

10 Coll., 3, p. 1142. 

11 J. MOGENET, L’ Introduction a I’ Almageste, Bruxelles, 1956 (Mémoires in -8° 
de |’ Académie Royale de Belgique, 2° s., 51, 2). 

12 See D. PINGREE, in Gnomon, 40 (1968), p. 13-17. 

13 It is at least possible that already in late antiquity, as in medieval Islam, the 
«Little Astronomy» was regarded as a prelude to the Almagest. 

14 So the Dénkart as quoted by H.W. BAILEY, Zoroastrian Problems in the 
Ninth-Century Books, Oxford, 1943, reprinted, 1971, p. 86. 

15 In the commentary on the third theorem in Archiméde. IV. Commentaires 
d’ Eutocius et fragments, ed. C. MUGLER, Paris, 1972, p. 144. 
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about Ptolemy’s two works that we have quoted and Eutocius ; perhaps 
the link was Eutocius’ editor, Isidore of Miletus, or the latter’s pupil®, 
either of whom Cassiodorus might have met during his stay in Constan- 
tinople in the late 40’s and early 50’s of the sixth century!’. 


Be that as it may, Cassiodorus’ next couple of sentences are crucial to 
our suggestion that he consulted the Preceptum canonis Ptolomei}8. «Is 
etiam [i.e., Ptolomeus] canones, quibus cursus astrorum inveniantur 
instituit», These canones are surely the Kavoves mpoxeipoul?. Cassio- 
dorus continues : «ex quibus, ut mihi videtur [this implies, I believe, 
that Cassiodorus has seen them], climata forsitan nosse, horarum spatia 
comprehendere, Lunae cursum pro inquisitione paschali, Solis eclipsin, 
ne simplices aliqua confusione turbentur, qua ratione fiant advertere non 
videtur absurdum». These topics, among others, are all dealt with in the 
Preceptum, though that text does not indicate that the «Lunae cursus» 
might be used for investigating the date of Easter. The next sentence in 
Cassiodorus, however, directly reflects the first sentences of the Pre- 
ceptum. The Senator writes29 : «sunt enim, ut dictum est, climata quasi 
septem lineae ab oriente in occidentem directae, in quibus et mores ho- 
minum dispares et quaedam animalia specialiter diversa nascuntur ; quae 
vocitata sunt a locis quibusdam famosis [i.e. the Greek πόλεις ἐπίσης 
μοι], quorum primum est Merohis, secundum Sohinis, tertium Cato- 
choras, id est Africa, quartum Rodus, quintum Hellespontus, sextum 
Mesopontum, septimum Borysthenus». The opening words of the Pre- 
ceptum are : «Intellectus climatum. Polis episeme»?!. The following 


16 Isidore of Miletus was the editor of both the two books of Eutocius’ 
‘Yropvnpa on Archimedes’ Περὶ σφαίρας kai κυλίνδρου and his ‘Ytopvynpa on 
Archimedes’ Κύκλου μέτρησις according to notes added by Isidore’s pupil at the end 
of each of these three books. 

17 On Cassiodorus’ visit to Constantinople see, e.g., COURCELLE, Late Latin 
Writers..., p. 335. 

18 Inst., Ὁ. 156. 

19 Ptolemy’s introduction to the tables, Προχείρων κανόνων διάταξις καὶ 
ψηφοφορία, was edited by J.L. HEIBERG in Claudii Ptolemaei ... Opera astronomica 
minora, Leipzig, 1907, p. 157-185 ; the tables themselves, with Theon’s Little 
Commentary and various other texts, were published by 1’ Abbé HALMA, 3 vol., 
Paris, 1822-25. 

20 Inst., p. 156. 

21 The second phrase, a simple transliteration of πόλεις ἐπίσημοι such as are 
characteristic of the Preceptum, has often been misread «poli sepissime». 
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chapter is a commentary on the first seven tables of the Handy Tables 
which give the oblique ascensions for the latitudes of the seven cli- 
mata22. The Latin text agrees with the latitudes and with the names of 
the cities given in these tables”*. The cities are the same as those named 
by Cassiodorus : Meroe, Syene, dia tes catho coras (i.e., a simple 
transliteration of the Greek), Rodos, Hellesponto, meso Ponto, and Bo- 
ristene. The list is not found elsewhere in Latin, but only in Cassio- 
dorus and the Preceptum ; Martianus Capella, for instance, substitutes 
Alexandria for katwywpa, injects Rome after Rhodes, omits the middle 
of the Pontos, and adds an eighth clime between Lake Maeotis and the 
Riphaean mountains24. Nor does the Preceptum’s list appear in the 
Greek instructions for using the Handy Tables, neither those by Ptolemy 
himself? nor the two sets by Theon, the “Ὑπόμνημα in five books 
addressed to Eulalius and Origen?® and that in one book addressed to 


22 The seven climata of the Preceptum are those of the Ptolemaic system, which 
ga back to a Hellenistic source ; see O. NEUGEBAUER, History of Ancient Mathe- 
matical Astronomy, 3 vol., New York, 1975, p. 725-726. The headings of the seven 
tables of the Handy Tables in Halma’s edition (2, Paris, 1823, 3,}. 2-57) are : 

I. dvadopai τῶν διὰ Μερόης ὡρῶν vy, μοιρῶν ἡ aS, ἑξηκοστῶν κζ΄. 
II. ἀναφοραὶ τῶν διὰ Συήνης κλίματος ὡρῶν vy L’, μοιρῶν ky να΄. 
OI. τρῖτον κλίμα διὰ τῆς κάτω χώρας ὡρων ιδ, μοιρῶν Δ κβ΄. 
IV. κλίμα τέταρτον δια ‘PoSou ὡρῶν 16 L’, μοιρῶν AS 
Ν. κλίμα πέμπτον To δι᾽ ‘EAAnonovtou ὡρῶν te, μοιρῶν μ VS . 
VI. ἔκτον κλίμα διὰ μέσου Πόντου ὡρῶν te L’, μοιρῶν ps α΄ (error for 
με α΄). 
VII. κλίμα ἕβδομον διὰ Βορυσθένους ὡρῶν is, μοιρῶν μὴ «λβ΄». 
23 The seven climata and their latitudinal boundaries in the Preceptum are : 
I. Meroe. 15;15° to 23;51° 
II. Syene. 23;51° to 30;22° 
III. in Egypto dia tes catho coras. 30;22° to 36° 
IV. Rodos. 36° to 40;56° 
V.  Hellesponto. 40;56° to 45;1° 
VI. meso Ponto. 45;1° to 48;32° 
VU. Boristene. 48;32° «usque ad id quod excesserit in septimo climate». 

24 De nuptiis Philologiae et Mercuri, VIII, 876, p. 332, ed. WILLIS. 

25 He mentions the seven climata on p. 160, ed. HEIBERG, but names none of 
them. In Σύνταξις μαθηματικὴ II, 13, however, Ptolemy heads the tables of 
ὧν» angles with the names of the seven places and their latitudes. 

6 Book I was edited by J. MOGENET and A. TIHON, Le «Grand Commentaire» 
de Théon d’ Alexandrie aux Tables Faciles de Ptolémée. Livre I, Citta del Vaticano, 
1985 (Studi e testi, 315). In chapter 4, p. 101, Meroe is mentionned as lying on the 
first parallel, but no other of the seven climata is named. 
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Epiphanius2’. The list occurs in Greek only in the headings to the tables 
themselves in the Handy Tables. This is not a likely place for Cassio- 
dorus to have looked for information — the only details he records — 
concerning Ptolemy’s work. I believe there can be little doubt that he 
rather took these details from the only other source that would have been 
available, the Preceptum canonis Ptolomei, wherein the names of these 
seven localities are given at the very beginning of the text. 


If the Preceptum was used by Cassiodorus when he wrote the 
[nstitutiones, it must be older than 550. Internal evidence allows us to 
date it much more precisely. Most of the Preceptum parallels Theon’s 
monobiblos on the Handy Tables, the so-called Little Commentary, 
composed after his Large Commentary in or shortly before 377. Of the 
25 chapters of the Little Commentary I have found in the Preceptum pa- 
rallels to chapter I concerning the 5 κεφάλαια (called gnomones in Latin) 
into which the time since the epoch of the Tables, 1 Thoth of the year 1 
of Philip (12 November -323), is divided, and the computation of the 
time that has elapsed since then ; to chapter 2 on computing the longi- 
tude of the Sun ; to chapter 3 on computing local time from the tables of 
oblique ascensions ; to chapter 4 on computing the time difference 
between two localities ; to chapter 6 on computing the ascendent ; to 
chapter 7 on computing the midheaven ; to chapter 8 on computing the 
longitude of the Moon ; to chapter 10 on computing the longitudes of 
the five planets ; to chapter 13 on the declination of the Sun ; to chapter 
20 on the syzygies of the Sun and the Moon (in one of his several 
discussions of this topic the author of the Preceptum cites Theon by 
name) ; to chapter 21 on lunar eclipses ; and to chapter 23 on solar 
eclipses. Thus only about half of the chapters needed to explain the uses 
of the Handy Tables are available in the surviving manuscripts of the 
Preceptum, and, though some verbal echoes prove that the author of the 
Preceptum used Theon’s Little Commentary, the Preceptum presents the 
material in a different and confused order, with many abbreviations, 
expansions, and repetitions. The Preceptum is a translation from the 
Greek as is shown by the fact that many phrases in it — sometimes 
whole clauses — are simply transliterations of the Greek original, but 


27 Edited by A. TIHON, Le «Petit Commentaire» de Théon d' Alexandrie aux Ta- 
bles Faciles de Ptolémée, Citta del Vaticano, 1978 (Studi e testi, 282). In chapter 3, 
p. 212, Theon mentions that the latitude of the fourth clime is 36°, of the fifth 
40;56°, and the sixth 45;1°, but he names none of them. 
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the author of the Greek original used more than Theon and the translator 
himself made significant additions. 


In one manuscript the first half of the text is divided into 25 chapters 
numbered 1 to 9 and 11 to 26, and the second into 20 chapters, of which 
the first are numbered 1 to 11 and the remaining 9 are unnumbered?8. 
There is no reason to believe that these divisions, especially in the se- 
cond part of the text, correspond to the translator’s intentions, but I shall 
retain them for their convenience in the rest of this paper. More precise 
references can be given when the edition is published. 


The last four chapters of the first section, numbered 23 to 26, are 
only partially paralleled in Theon, but give alternative instructions for 
finding the day of the lunar month, the zodiacal sign in which the Moon 
is, the longitude of the ascendent, and the longitude of midheaven. The 
first two chapters are related to a method falsely called Hipparchan by 
Vettius Valens2?. It attempts to employ the «Metonic» cycle of nineteen 
years since Augustus -9 to determine the zodiacal sign in which the 
Moon lies on the false assumption that the annual epact is ten days 
exactly. The Preceptum in chapter 23 uses as an example 8 days before 
the Kalends of September in Augustus 383, which is 25 August 354. 
This, of course, falls within the lifetime of Theon, though it is certainly a 
method of which he would not approve. He gives in his Little Com- 
mentary” the more correct approximation according to which the years 
from -9 of Augustus are divided by 19 ; the accumulated epact, then, is 
11/30 of the remaining number of years — that is, Theon’s epact is 11 
tithis instead of the crude 10 days of the Preceptum and of Valens. 
These four chapters were certainly translated from Greek because they 
contain not only transliterations of the Greek forms of the names of the 
Egyptian months and of the Greek technical terms «epagomenas», 
«panselenos», and «anaforas», but as well of the Greek equivalent, 
«deuteru», of the normal Latin «secundi». 


28 The manuscript in which at least some of the chapters are numbered in the 
way described is the relatively late Chartres 498, the second volume of Thierry of 
Chartres’ Heptateuchon. 

29 Vettii Valentis Antiocheni Anthologiarum libri novem, ed. D. PINGREE, 
Leipzig, 1986, I, 17: ᾿Ιππάρχειον περὶ ψήφου Σελήνης ἐν ποίῳ ζῳδίῳ ; see 
also Appendix VIII on p. 397-398, and Ο. NEUGEBAUER, A History of Ancient 
Mathematical Astronomy, p. 824-826. 

30 Little Commentary, p. 257-258. 
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This excerpt from an «anonymus anni 354», however, is not the only 
place in which the Preceptum introduces the era of Augustus. In chapter 
4 of the first part, when the translator is discussing the 25-year tables of 
mean motion in the Handy Tables, called in Greek εἰκοσαπενταετηρὶς 
(which the Preceptum transliterates as icosapenteeteris), the translator 
Says that you take the years since Augustus and add to them the years of 
Cleopatra, which are 294. Indeed, Ptolemy’s κανὼν βασιλέων in the 
Handy Tables correctly gives the years from the era of Philip till the 
death of Cleopatra as 2943! ; and Theon’s κανὼν ὑπάτων ‘Pwpatwv 
lists the years ἀπὸ ᾿Αλεξάνδρου (from -323) and the years ἀπὸ 
Αὐγούστου32. Presumably the Preceptum had a similar table of Roman 
consuls. 


The years between Philip and Augustus, and those between Augustus 
and Diocletian, are used in an example found in the chapter on the 
panselenos, number 15 in the second part of the Preceptum. This chap- 
ter is independent of Theon, and contains no traces of a Greek original ; 
it is most likely the work of the translator. The example he gives is for 
pridie of the Ides of September in the year 244 of Diocletian, which was 
14 September 528. The interval from Philip to Augustus is given as 294 
years, and that from Augustus to Diocletian is given as 313 years ; this 
gives a total from Philip to Diocletian of 607 years, a number also found 
in Theon’s Little Commentary. The total, then, from Philip to the date 
for which the computation was made is 751. The difficulty that the 
translator had in providing this example suo Marte is indicated by his 
final two sentences : «Merito ne aliquando contigerit ut sciat qui ratio- 
nem novit qualiter casus istos observare debeat ut non laboret sicut et 
mihi evenit. Et cum magno labore hoc potui investigare quia ratio ista 
multas habet difficultates». 


But the first chapter of the second part of the Preceptum is decisive in 
establishing its date. This is part of a recapitulation of the rule for 
finding the longitude of the Sun already given in chapters 4-7 and 12 of 


31 HALMA, I, p. 139 ; see also J. BAINBRIDGE, Procli Sphaera, London, 1620, 
p. 49. 

32 Fasti Theonis Alexandrini, ed. H. USENER in Chronica Minora saec. 
IV.V.VI.VII, ed. T. MOMMSEN, 3, MGH AA, 13, Berlin, 1898, p. 359-381 esp. p. 
375-381, headings of columns 1 and 2. 

33 Little Commentary, p. 204. 
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the first part. But here an example is given for finding the icosapentee- 
teris and the ete apla (a transliteration of the Greek ἔτη ἁπλα). We are 
first told that from Philip to Diocletian there are 607 years; «et a 
Diocletiano usque in consulatum quartum domini Iustiniani imperatoris, 
hoc est in diem V Kalendarum Septembris, anni sunt ccl. Fiunt omnes 
anni dccclvii». The day in question was 28 August 534, the last day of 
year 857 of Philip ; and the problem will be to find the longitude of the 
Sun during the next year, from 29 August 534 till 28 August 535. One 
may note in passing that the fourth consulate of Justinian did indeed 
cover the year 534. In the next chapter the translator, following the rule 
given by Theon in his Little Commentary, finds the intercalary days that 
constitute the difference between the Julian calendar used for ordinary 
purposes and the Egyptian calendar used in the Handy Tables. To 
compute this he first takes the years from the fifth year of Augustus to 
Diocletian, which are 308. To these he must add the years that have 
passed since Diocletian ; as he expresses it : «et a Diocletiano usque 
nunc anni sunt ccli»34. So our translator clearly indicates that for him 
«nunc» means the Alexandrian year that began on 29 August 534 ; and 
the Preceptum was written just two decades before Cassiodorus com- 
posed the /nstitutiones. 


This fact brings to mind the fact that in the praefatio to book I of the 
Institutiones3> Cassiodorus recalls : «nisus sum cum beatissimo Agapi- 
to papa urbis Romae ut, sicut apud Alexandriam multo tempore fuisse 
traditur institutum, nunc etiam in Nisibi civitate Syrorum Hebreis sedulo 
fertur exponi, collatis expensis in urbe Romana professos doctores 
scholae potius acciperent Christianae, unde et anima susciperet aeternam 
salutem et casto atque purissimo eloquio fidelium lingua comeretur». 
This pious plan, wrecked, as Cassiodorus observes, «per bella ferventia 
et turbulenta», must have been plotted during the brief pontificate of 
Agapetus I, between 13 May 535 and 22 April 536; the date can be 
narrowed even further, because Agapetus left Rome in November or 
December of 535 on a mission to Constantinople from which he never 
returned>®. Was the Preceptum commissioned by the Senator and Pope 


34 Little Commentary, p. 204. 
35 Inst., Ὁ. 3. 
36 See J.B. BURY, History of the Later Roman Empire, 2 vol., London, 1923, 
repr. New York, 1958, 2, p. 172, fn. 1. 
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as the text from which astronomy was to be taught in their proposed 
Christian Academy in Rome?’ ? 


In the Preceptum three places are mentionned in addition to the seven 
πόλεις ἐπίσημοι that give their names to the κλίματα, and Alexandria 
for which the Handy Tables were computed. These three are Apamea, 
Carthage, and Rome. In all three cases the city is named in the context 
of computing the time difference between it and Alexandria. Apamea is 
mentioned in chapters 19 and 21 of the first part as being 9 1/2° or about 
1/2 and 1/7 of an hour East of Alexandria. Apamea is known to have 
been a place where the Handy Tables were studied ; this is attested to by 
a scholion dated in the year 179 of Diocletian (that is, in 462/3) copied 
onto f. 298v of the principle manuscript of Theon’s Large Commentary, 
Vaticanus graecus 19038. Carthage is mentioned in chapter 6 of the se- 
cond part of the Preceptum as being 26° or 1 1/2 and 1/4 hours West of 
Alexandria. I know of no other evidence for the presence of the Handy 
Tables in Carthage, though it is quite reasonable to suppose that the local 
astronomers and astrologers possessed copies of such a useful work. 
Finally, Rome is referred to in chapters 2, 19, and 21 of the first part as 
being 24;10° or about 1 1/2 and 1/10 hours West of Alexandria. Theon 
in his Little Commentary>? gives the same difference in degrees, but 
converts it into time more accurately as 1 1/2 and 1/9 hours. Since the 
example using Rome is already found in Theon, it will not suffice to 
demonstrate that the translator was working there. 


However, a person translating from Greek into Latin in the sixth 
century would scarcely be working in Apamea, though both Carthage 
and Rome would be possible ; in both cities, due to Belisarius’ suc- 
cessful campaigns, Justinian was recognized as Imperator in 534-535. 
But the text accords us one final clue that allows us to discriminate 
between the two rivals. At the end of the second section is a group of 
chapters discussing various problems in astrology. In the seventeenth 
chapter, which deals with the computation of the ascendent when one is 
informed that a nativity occurred on a particular hour of the day or the 
night, the following example is given «Verbi causa : invenimus Solem 


37 The idea that Cassiodorus sponsored the translation of the Preceptum was 
dismissed by VAN DE VYVER, Les plus anciennes traductions..., p. 687, fn. 145, on 
the grounds that he does not claim that responsability. 

8 Large Commentary, p. 73-78. 

39 Little Commentary, p. 215. 
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in Ariete partes 1111 minutas xxilii. et quia nocturna fuit genesis, induxi- 
mus in diametro Solis, id est in Libra, in climate quinto. ergo induximus 
in Libra partes 1111 minutas xxiiii, et invenimus adiacere in horarum 
minutis partes Χ1111 minutas xlv». In the tables of oblique ascension for 
the fifth clime in the Handy Tables 14;45 hours is indeed what one 
would find by interpolation as the time correponding to a longitude of 
Libra 4;24°49. So the translator-astrologer was active in the fifth clime, 
which in the Handy Tables and the Preceptum extends between 40;56° 
and 45;1° of northern latitude. Since the latitude of Rome, according to 
the Handy Tables, is 41;20° North*!, the Preceptum was written in that 
city. 


However, it is precisely this passage that, while it allows us to pin- 
point Rome as the place of composition of the Preceptum, with others 
like it forces us to conclude that, though Cassiodorus referred to the 
Preceptum when he was writing his Institutiones at Vivarium, he pro- 
bably had nothing to do with commissioning this work. For astrology 
was Clearly the profession of the translator, and he assumes it is the 
profession of his reader. Thus, in chapter 8 of the first part he refers to 
the «clima in quo quis natus est» ; and in the second part, chapter 10 
instructs the astrologer on how to find the Lot of Fortune, and chapter 
20 contains a section on the influences of aspects, which may be an 
interpolation, or a misplacement. In light of Cassiodorus’ vigorous 
attacks on astrology in both the /nstitutiones42 and in his commentary on 
Psalm 14843, it seems very unlikely that he would have wished the ge- 
nethlialogical applications of astronomy described in the Preceptum to be 
taught to the students of his Christian Academy. 


The Preceptum, then, was composed at Rome in 535, primarily in 
order to provide Western astrologers with the means to cast horoscopes. 
It did so by presenting a Latin version of the Handy Tables and in- 
structions for their use ; these instructions were derived from parts of 
Theon’s Little Commentary on the Handy Tables, used in a version that 
had perhaps been taught at Apamea and at Carthage ; from an astro- 


40 HALMA, 2, p. 38. 

41 HONIGMANN, Die sieben Klimata..., p. 197 (Vat. gr. 1291); it is mis- 
takenly given by Leid. 78 as 41;50° (p. 213). 

42 Inst., p. 156-157. 

43 Magni Aurelii Cassiodori Expositio Psalmorum, ed. M. ADRIAEN, Turnhout, 
1958, p. 1321 (Corpus Christianorum, Series Latina, 97-98). 
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nomical treatise of the year 354 ; and from the author’s own experience 
as a practicing astrologer. The usefulness of the Preceptum as a guide to 
astrologers ignorant of Greek is, however, very limited ; because in- 
stead of being a translation of the Greek it often is merely a translite- 
ration of it. It is not so bad that the headings of the tables themselves are 
usually simple transliterations, which are used in the instructions to refer 
to those specific tables. Thus, in the chapters on computing the position 
of the Moon, we frequently are told to look up the centron autes Selenes 
or the boriu peras, by which are meant columns 4 and 5 of the lunar 
mean motion tables, or even the canonion megistus eliu ce selenes for 
computing the magnitudes of eclipses. More puzzling to the poor Latin 
readers must have been sentences like the following wherein not only 
technical terms and phrases, but even common words are simply trans- 
literated Greek words : «queres similiter in horon cronis apo mesem- 
brias in epiciclo Lune partes x quot horas faciant, et invenies contra eas 
in prima selide horas x engista»®4 ; or, «et horum utrorumque canonum, 
id est megistu apostematos et elacistu apostematos, hiperocam sumes vel 
ex dactilis vel ex emptosi vel ex mone, si habuerit. dehinc numerum 
illum centron autes Selenes purgatum inferes in procanonion loxo- 
seos»4 ; or, finally, «mesos cronos enim dicitur hora illa vel momen- 
tum hore quo hisomiri Sol et Luna facti sunt. et si, verbi causa, de sexta 
hora noctis quando equinoctium est deduxeris emptoseos et mones horas 
duas, incipiet hora noctis quarta eclipsis fieri, id est pro duo horon hi- 
semerinon tu mesonictios. item ipsas emptoseos et mones horas si quas 
addas sex horis to meson cronon, erit purgatio eclipsis Lune in hora 
noctis viii, hoc est in meta duo horas hisemerinas tu mesonictios. ut 
autem cognoscas quota hora incipiat mones cronos»*6, The text goes on 
and on with this weird and motiveless alternation of Latin and Greek. 
To a large extent, the Preceptum must have seemed pure nonsense — 
though very learned nonsense — to those not in utraque lingua periti. 
One must repeat the complaint made by Pope Gregory the Great to 
Eulogius, the Patriarch of Alexandria, in August of 600 about translators 
who resort to transliteration4’ : «indicamus praeterea quia gravem hic 


Ὁ» 

451 20. 

46 190. 

47 Χ 21 in Gregorii | Papae Registrum epistolarum, 2, ed. L.M. HARTMANN, in 
MGH, Epistolae, 2, Berlin, 1899, p. 256-258, esp. p. 258. 
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interpretum difficultatem patimur. dum enim non sunt qui sensum de 
sensu exprimant, sed transferre verborum semper proprietatem volunt, 
omnem dictorum sensum confundunt. unde agitur ut ea quae translata 
fuerint nisi cum gravi labore intellegere nullo modo valeamus». 


Its esoteric learning for an age bereft of any other meaningful form of 
astronomical knowledge was surely the feature of the Preceptum that 
preserved it, though imperfectly, for us to read. There presently exist 
six manuscripts of the Preceptum ; two others that were at Chartres 
were destroyed during the Second World War (of one of which micro- 
film copies survive) ; and a ninth manuscript that once contained the 
Preceptum is now missing the relevant section. All nine manuscripts 
were copied between the years 1000 and 1250. Briefly, I would re- 
construct the history of the manuscripts thus. 


The oldest manuscript, Harley 2506 in the British Library*®, was 
copied in about the year 1000, possibly at Winchester*?, though a better 
claim can be made for Fleury. It was copied from a defective manus- 
cript since : 1) after chapter 10 of the second part is written : «desunt 
folia iti», and the following three colums are left blank ; 2) at the end of 
the second part, before the tables, is written «desunt folia 1111», and the 
following three colums are left blank ; and 3) of the tables themselves all 
that are left are the mean motion tables of the Sun, the table of the 
equation of the Sun, the mean motion tables of the Moon, the table of the 
equation of the Moon, the table of the solar declination and lunar lati- 
tude, and some of the lunar eclipse tables, though the instructions refer 
to tables of oblique and right ascension, the full set of eclipse tables, and 


48 The Preceptum is on f. 55v-69 with the tables on f. 70-73v. 

49 See, e.g., F. SAXL and H. MEIER, Verzeichnis astrologischer und mytholo- 
gischer illustrierter Handschriften des lateinischen Mittelalters, 3, London, 1953, p. 
157-160. 

50 E. TEMPLE, Anglo-Saxon Manuscripts. 900-1066, which is vol. 2 of J.J.G. 
ALEXANDER, ed., A Survey of Manuscripts Illuminated in the British Isles, London, 
1976, no. 42. The connection with Fleury, of course, is through Abbo and Bero ; 
but Abbo had been to England before Harley 2506 was copied. It appears that the 
same illuminator decorated several manuscripts copied at Ramsey Abbey and Fleury 
as well as Harley 2506, so that the last might have been copied at Ramsey as well as 
Winchester or Fleury ; see Ὁ. GREMONT and L. DONNAT, Fleury, le Mont Saint- 
Michel et l’Angleterre a la fin du X® siécle et au début du XI® siécle ἃ propos du ma- 
nuscrit d’ Orléans n° 127 (105), in Millénaire monastique du Mont Saint-Michel, 1, 
Paris, 1966, p. 751-793, esp. p. 775-777. 
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all of the planetary tables, and they imply the existence of the tables of 
Roman consuls and of the πόλεις ἐπίσημοι. None of the extant ma- 
nuscripts contains more than does Harley 2506, so that the defective 
copy from which it was derived is the ancestor of all of them ; but the 
Harley manuscript contains several genuine phrases found in no other 
manuscript, so that the ancestor of all the other copies was probably a 
defective copy of its archetype. 


That archetype, which was probably in England in circa 1000, is as- 
sociated with Abbo of Fleury?!, the expert on computus who studied 
astronomy at Paris and Rheims in the late 960’s and early 970’s°? and 
was sent to Ramsey Abbey to teach between 986 and 988°3 ; one of his 
pupils, indeed, was the monk Byrhtferth>4, whose Manual of 1011 is 
evidence both of the fact that Abbo taught astronomy and of the general 
ineptitude of student or teacher or both. Part of Harley 2506 was copied 
from Harley 647°>, a manuscript transcribed in France in the middle of 
the ninth century which was probably sent to England by Abbo ; and 
Harley 2506 contains a copy of an astronomical work written by Abbo 
in which he mentioned the year 9786, 


From the ancestor of Harley 2506, which I will dub a, was made a 
second copy, now lost, 8. This second copy of a was apparently in the 
hands of a follower of Adelard of Bath?’ ; all of its early descendants 
are associated with one or another of Adelard’s works. One of these 
descendants is now Avranches, Bibliothéque municipale 235, a manus- 


51 See P. COUSIN, Abbon de Fleury-sur-Loire, Paris, 1954, and, most im- 
portantly, A. VAN DE VYVER, Les oeuvres inédites d’ Abbon de Fleury, in Revue 
Bénédictine, 47 (1935), p. 125-169. 

52 AIMOINUS FLORIACENSIS, De vita et martyrio sancti Abbonis, in PL, 139, 
c. 390. For a date before 973 see VAN DE VYVER, Les oeuvres..., p. 160. 

53 PL, 139, c. 391-392. | 

54 Byrhtferth’'s Manual, ed. SJ. CRAWFORD, 1, in EETS, 127, London, 1929, 
p. 232, where Abbo’s oral teaching is recorded. See also C. HART, The Ramsey 
~ Computus, in English Historical Review, 85 (1970), p. 29-44. 

55 SAXL and MEIER, p. 149-151. 

56 A. VAN DE VYVER, Les oeuvres..., p. 146, and Les plus anciennes tra- 
ductions..., p. 677-678. 

57 The association of his translations with this lost manuscript must be dated 
after his return to England in ca. 1120, and cannot have occurred much later than 1140 
in light of the several manuscripts containing his works and the Preceptum copied in 
the middle of the twelfth century. 
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cript copied in the twelfth century°®. It was formerly in Mont-St.- 
Michel, and may have been brought there from Winchester59. Avran- 
ches 235 once contained Adelard of Bath’s translation of Thabit ibn 
Qurra’s Magéala fi-’]-talismat as the Liber prestigiorum®, and still pre- 
serves a version of Adelard’s translation of Abu Ma’‘shar’s Kitab al- 
mudKhal al-saghir as the Isagoga minor®!, 


A gemellus of Avranches 235 is the section of Oxford, Corpus 
Christi College 283 that contains the text of the Preceptum with none of 
the tables62. This manuscript was copied in the late eleventh century, 
but was at some time — presumably in the twelfth century — brought to 
Chartres, and there joined with various texts that were popular at that 
great center in the twelfth century, including the revision of Adelard’s 
version of al-Khwarizmi’s al-Zij al-Sindhind that is associated with 
Petrus Alfonsus. 


From a third copy of 8, which I shall call y, are descended the Char- 
trian manuscripts, all of the twelfth century. The first is Chartres 214, 
now destroyed, which may, of course, be y itself ; it contained Ade- 
lard’s original version of al-Khwarizmi®>. Next is Chartres 498, the 


58 The Preceptum is on f. 1-16 and 17-26. 

59 For the close connections between Winchester and Mont St-Michel in the 
twelfth century see G. NORTIER, Les bibliothéques médiévales des abbayes bénédic- 
tines de Normandie, Caen, 1966, p. 140. 

60 For this treatise on talismans by Thabit see D. PINGREE, The Diffusion of 
Arabic Magical Texts in Western Europe, in La diffusione delle scienze islamiche nel 
medio evo europeo, Roma, 1987, p. 59-102, esp. p. 74-75. An edition is being pre- 
pared by C. Burnett. 

61 See F.J. CARMODY, Arabic Astronomical and Astrological Sciences in Latin 
Translation, Berkeley-Los Angeles, 1956, p. 98. An edition of this also is being 
prepared by C. Burnett. 

62 The Preceptum is on f. 65-81v, the al-Khwarizmi in a later hand on f. 114- 
145, for which see O. NEUGEBAUER, The Astronomical Tables of al-Khwarizmi, 
K@benhavn, 1962, p. 133-234. For the manuscript’s connection with Chartres, and 
particularly with Chartres 214, see C. BURNETT, The Contents and Affiliation of the 
Scientific Manuscripts Written at, or Brought to, Chartres in the Time of John of 
Salisbury, in The World of John of Salisbury, Oxford, 1984, p. 127-160, esp. p. 
130-132, 137, 141, and 146. 

63 OMONT, MOLINIER, COUDERC, and COYECQUE, Catalogue général des ma- 
nuscrits des bibliothéques publiques de France : Départements, ΧΙ : Chartres, Paris, 
1890, p. 109-110. The Preceptum was on f. 1-13, al-Khwarizmi on f. 41-102. Char- 
tres 214 is manuscript C in A. BIORNBO, ΚΕ. BESTHORN, and H. SUTER, Die astro- 
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second volume of Thierry of Chartres’ Heptateuchon™, also destroyed ; 
in this copy the tables of the Preceptum are intermingled with those of 
Adelard’s version of al-Zij al-Sindhind®. And finally comes the second 
part of Paris BN latin 147546. Closely related to the text in Chartres 
498 is that in Firenze, Conventi soppressi J.[X.3967 ; and closely re- 
lated to the text in Paris BN latin 14754 is that in Hannover IV 39468. 
Both the Firenze and the Hannover manuscripts were copied in the late 
twelfth or early thirteenth century. 


From this it is clear that six of the nine known manuscripts of the 
Preceptum are connected with Chartres, though their source most likely 
came from England ; and that that source, which was associated with 
the translations of Adelard of Bath, was descended from the manuscript 
from which were copied the Harley and Avranches manuscripts, a 
source which was probably brought (or sent) to England in the late tenth 
century by Abbo of Fleury. Abbo presumably found his manuscript in 
northern France, perhaps at Paris or Rheims. 


The ninth manuscript, Palatinus latinus 1417 in the Vatican, was 
copied in southern Germany in the middle of the eleventh century®?. It 
now contains only the Liber Nimrod, of which it is the oldest surviving 
copy ; but on folio 1 a fifteenth century scribe has written a table of 
contents which includes : «libellus seu tractatus Ptolomei regis ad scien- 


nomischen Tafeln des Muhammad ibn Misa al-Khwarizmi, Kgbenhavn, 1914 (Mem. 
Acad. Roy. Sci. et Lett. de Danemark, series 7, Letters 3, 1). 

64 See E. JEAUNEAU, Le «Prologus in Eptatheucon» de Thierry de Chartres, in 
Medieval Studies, 16 (1954), p. 171-175, repr. in his Lectio philosophorum, Am- 
sterdam, 1973, p. 87-91. Thierry taught at Chartres between about 1120 and 1153, 
and died in 1157. | 

65 The Preceptum is on f. 174-189v. I have used a copy of the microfilm be- 
longing to the Pontifical Institute of Medieval Studies at Toronto, to whose gene- 
rosity Iam greatly indebted. 

66 On f. 233-255. Concerning the history of this manuscript see S.J. LIVESEY 
and R.H. ROUSE, Nimrod the Astronomer, in Traditio, 37 (1981), p. 203-266, esp. 
p. 224. 

67 On f. 13-32. This manuscript once belonged to Coluccio Salutati (1331- 
1406) ; see P.L. ROSE, The Italian Renaissance of Mathematics, Genéve, 1975, p. 
27 and 57. It was later willed to San Marco by Niccolo Niccoli (ca. 1364-1437) ; see 
ROSE, p. 33 and 62. 

68 On f. 39-63v. 

69 LIVESLEY and ROUSE, Nimrod..., p. 217. 
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dum horas diei et noctis», that is, the Liber horologii Ptolomei regis, 
and : «tractatus de distinctione climatum mundi et de terminis septem 
climatum», which precisely describes the first chapter of the Preceptum. 
If this identification of the last item in the Palatinus with the Preceptum is 
correct’?, it would be exceedingly useful to find either it or a descendant 
since it is perhaps independent of the manuscripts from England and 
Chartres. 


That the Preceptum was known early in southern Germany is made 
likely by a chapter in a computistical treatise preserved of f. 41v of ma- 
nuscript 248 at St. Gall’! which was copied in the first third of the ninth 
century. The title of this chapter is : «Si vis scire a Septembre usque ad 
Decembrem, hoc est ab initio anni Aegyptiorum». This is a clear refer- 
ence to the Alexandrian calendar as employed in the Preceptum with the 
substitution of Roman month names for Egyptian — e.g., of September 
for Thoth. I know of no other Latin source than the Preceptum from 
which the St. Gall computist could have acquired his knowledge of this 
Romanized form of the Alexandrian calendar. 


The second piece of evidence is also from the first third of the ninth 
century, from Fulda where Hrabanus Maurus wrote his De computo. 
Hrabanus states’2 : «modo autem, id est anno dominicae incarnationis 
DCCCXX mense Iulio nona die mensis, est Sol in XXIII parte Cancri, 
Luna in nona parte Tauri, stella Saturni in signo Arietis, Iovis in Librae, 
Martis in Piscium, Veneris quoque stella et Mercurii, quia iuxta Solem in 
luce diurna modo sunt, non apparet in quo signo morentur». In fact, on 
the afternoon of 9 July 820, the Sun was at Cancer 21°, the Moon at 
Taurus 30° (it was at Taurus 9° at about sunset of 7 July), Saturn at Aries 
19°, Jupiter at Libra 29°, Mars at Pisces 16°, Venus at Cancer 26°, just 5° 


70 VAN DE VYVER, Les plus anciennes traductions..., p. 686, fn. 140, suggests 
that the De distinctione climatum mundi refers to chapters 18-19 of the De utili- 
tatibus astrolabii edited by Bubnov (see fn. 79). 

71 A, CORDOLIANI, Les manuscrits de comput ecclésiastique de |’ Abbaye de 
Saint Gall du VIIIé au ΧΙ siécle, in Zeitschrift fiir Schweizerische Kirchengeschichte 
— Reyue d'histoire ecclésiastique Suisse, 49 (1955), Ὁ. 161-200, esp. p. 175. The 
names of the Egyptian months are to be found with the dates in the Roman calendar 
‘with which they begin in BEDE, De temporum ratione, 11, in C.W. JONES, Bedae 
Opera de temporibus, Cambridge, Mass., 1943, p. 205 ; cf. HRABANUS, De comp., 
30, p. 234-235. 

2 De comp., 48, p. 259. 


129 


Pathways into the Study of Ancient Sciences 


from the Sun and so invisible, and Mercury at Leo 16°, some 25° from 
the Sun and so, presumably, visible briefly after sunset, though Hraba- 
nus apparently did not see it. In any case, his method of reporting the 
longitude of the Sun and the Moon to the degree while only giving those 
of the superior planets in their zodiacal signs, taken together with his 
Statement about the invisibility of the inferior planets, indicates that 
Hrabanus computed the longitudes of the two luminaries, and observed 
those of the planets. The only text for computing longitudes available in 
the West in 820 was the Preceptum ; and, though it originally had pla- 
netary tables, since at least the tenth century it has contained only the 
tables for the two luminaries. Using the Handy Tables I compute the 
longitude of the Sun at noon in Alexandria of 9 July 820 to be Cancer 
23;19°, that of the Moon Taurus 26;16°. Since Rome is, according to the 
Preceptum, 1 1/2 and 1/10 hours West of Alexandria, at noon of 9 July 
820 in Rome the longitude of the Moon would be computed to be about 
Taurus 28°. Fulda is a little bit more than 12°, or about 48 minutes of 
time, West of Rome, which would make little difference in the Moon’s 
longitude. 1 don’t know whether Hrabanus could account for the 
longitudinal difference between Fulda and Rome. It is tempting to cor- 
rect Hrabanus’ 9° of Taurus to 29° ; but the accepted reading is sup- 
ported by a manuscript copied by Walahfrid Strabo at Reichenau within 
about five years of the composition of the De computo’>, and another 
that was collated by Walahfrid at Fulda in the period between 827 and 
82974. There remains the strong possibility, given the opaque nature of 
the instructions in the Preceptum, that Hrabanus made a mistake. This 
problem cannot at present be definitively solved. However, given that 
he must have had a set of astronomical tables to arrive at any longitude 
expressed in such precise terms, the probability is that Hrabanus had a 
copy of the Preceptum at Fulda ; and the further probability is that it had 
already lost the planetary tables — i.e., that it was closely related to the 
manuscript in Northern France that was the ancestor of all our extant 
copies. 


There is one other early horoscope that is pertinent to the history of 
the Preceptum. This is preserved in an illustration on f. 93v of Vossia- 
nus Q.79 in Leiden, a manuscript copied in northern France in the first 
half of the ninth century. The positions of the planets were probably 


73 Saint Gall 878 ; see De comp, p. 191-192. 
74 Oxford Can. misc. 353 ; see De comp., p. 190-191. 
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cast with the help of the Preceptum, the only set of astronomical tables 
known to have existed in Latin before the twelfth century. Eastwood 
dated’> the horoscope to 28 March 579, with Saturn in Aquarius as the 
diagram shows ; Jupiter just leaving the indicated Gemini ; Mars having 
retrograded 8° back from Scorpius, where it is shown to be, into Libra ; 
the Sun properly in Aries and the Moon properly opposite it in Libra ; 
but Venus in Aries when it is shown on the border of Taurus and 
Gemini, and Mercury in Pisces when it is shown on the border of Pisces 
and Aries. If Eastwood is correct, the Preceptum still had its planetary 
tables in the late sixth century, which is not surprising. But another date 
for the horoscope is possible — 14 April 816”, near the beginning of 
the reign of Louis the Pious (814-840) who was noted for his interest in 
astronomy’’. At this time Saturn was again in Aquarius and Jupiter at 
the end of Gemini ; Mars had just retrogressed out of Scorpius into 
Libra ; the Sun was at the end of Aries, and the Moon was in Libra; 
Venus was in Gemini, and Mercury in Aries. This is not a great im- 
provment, if any at all, because of the peculiar and ambiguous manner 
the artist has chosen for depicting the positions of Venus and Mercury in 
relation to the Sun, the earth, and the zodiacal signs ; this method, inci- 
dentally, reflects not a theory of the heliocentric orbits of the two inferior 
planets, but the simple fact that in Ptolemaic astronomy the centers of the 
epicycles of Venus and Mercury have a longitude equal to that of the 
mean Sun. The horoscope represents the mean longitudes of the su- 


73 B.S. EASTWOOD, Origins and Contents of the Leiden Planetary Configuration 
(MS. Voss. Q. 79, f. 93v), an Artistic Astronomical Schema of the Early Middle 
Ages, in Viator, 14 (1983), p. 1-40, esp. p. 2-4. 

76 The apparent date in the illustration on f. 93v of Vossianus Q. 79 and the date 
as computed by means of B. TUCKERMAN, Planetary, Lunar, and Solar Positions. 
A.D. 2 to A.D. 1649 at Five-day and Ten-day Intervals, Philadelphia, 1964, are as 
follows : 

Planet Manuscript 28 March 579 14 April 816 
Saturn Aquarius Aquarius 7° Aquarius 25° 
Jupiter Gemini Cancer 1° Gemini 30° 
Mars Scorpius Libra 22° retr. Libra 29° retr. 
Sun Aries Aries 10° Aries 29° 
Venus Taurus/Gemini Aries 15° Gemini 21° 
Mercury Pisces/Aries Pisces 23° Aries 16° 
Moon Libra Libra 10° Libra 12° 


77 See, e.g., Vita Hludowici imperatoris, ed. GH. PERTZ, MGH, Scriptores, 2, 
Hannover, 1829, p. 604-648, esp. chapter 58 on p. 642-643. 
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perior planets and the luminaries, the anomalies of the inferior planets. 
But, if the horoscope was cast in the Spring of 816, shortly before the 
Leiden manuscript was produced, that fact would suggest that a com- 
plete copy of the Preceptum was still available in northern France in the 
early ninth century — at Louis’ court, if that is where the codex was 
produced — but an already truncated copy was all that was available to 
Hrabanus at Fulda. I suspect, therefore, that Eastwood’s date in the late 
sixth century is correct, though the early ninth century date remains a 
possibility. 


Few indeed are the medieval scholars aside from those whom I 
mentioned who can be shown to have read the Preceptum. It is clear, 
for instance, that the statement made by Hugh of St. Victor, who died in 
about 1141, that : « Ptolomaeus rex Aegypti» write «canones ... quibus 
cursus astrorum invenitur» is based on Isidore of Saville’s expansion of 
Cassiodorus rather than directly on the Preceptum’®. But it is probably 
the Preceptum that is referred to in the De utilitatibus astrolabii written by 
Abbo’s contemporary, Gerbert (972-1003)’9. And Rudolph of Bruges 
seems to have used it to compute the longitude of the Sun at Béziers on 
24 April 114489. With the introduction of serious astronomical tables 
translated from or based on Arabic works available in Spain in the early 
twelfth century, the Preceptum became generally useless except as an 
antiquarian or bibliographical curiosity. As such it appears for the last 
time in medieval literature, as far as I am aware, in the Speculum astro- 
nomiae of Albertus Magnus®!. Earlier still, in the middle of the twelfth 


78 LIVESLEY and ROUSE, Nimrod..., p. 235. 

79 Edited as Gerberti liber de astrolabio by N. BUBNOV, Gerberti postea Silvestri 
Il papae Opera Mathematica, Berlin, 1899, p. 109-147 ; for Ptolemy see I, 2 (p. 
116), XIII, 2 (p. 135) and XVIII, 1 (p. 139). On the authenticity of the attribution to 
Gerbert see P. KUNITZSCH, Glossar der arabischen Fachausdriicke in der mittelalter- 
lichen europdischen Astrolabliteratur, Géttingen, 1983, p. 455-571, esp. 479-480 
(Nachrichten Akad. Wiss. Géttingen, Phil.-hist. KI., 1982, 11). 

80 R. MERCIER, Astronomical Tables in the Twelfth Century, in Adelard of 
Bath, ed. C. BURNETT, London, 1987, p. 87-115, esp. p. 114-115, shows that 
Rudolph most likely used Ptolemy’s tables to compute the solar longitude, but he 
wrongly states that it would have been impossible to use these tables. Men of intel- 
ligence, such as Hrabanus and Rudolph, clearly were able to overcome the difficulties 
the Preceptum presented to its readers. 

81 Alberto Magno. Speculum astronomiae, ed. S. CAROTI, M. PEREIRA, and S. 
ZAMPANI under the dir. of P. ZAMBELLI, Pisa, 1977, p. 10-11. 
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century, Thierry of Chartres could do nothing better when he copied the 
Preceptum into his Heptateuchon than playfully to retransliterate its Latin 
transliterations back into the Greek alphabet. Unfortunately, this attempt 
was a total disaster, rendering the already virtually impenetrable text 
even more obscure. For Thierry did not know Greek well enough to be 
able to select the correct Greek letters for his retransliteration, especially 
confounding aspirate with nonaspirate consonants and long with short 
vowels. 


The Preceptum was almost a complete failure as a translation because 
far too much of it was simply a transliteration. For a half millennium, 
then, before the eagerly sought after Arabic astronomical tables were 
translated, the Latin West had possessed copies of a set of tables supe- 
rior to al-Khwarizmi’s al-Zij al-Sindhind translated by Adelard, but in a 
form whose opaqueness most medieval scholars were unable to pene- 
trate. 


Brown University, Providence 
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The Teaching of the Almagest 
in Late Antiquity 


David Pingree 


My objectives in this paper are two: to reveal the richness of the tradition 
of the study of the Almagest’ between the date of its composition in the 
middle of the second century AD’ and its appearance simultaneously in 
Byzantium’ and Baghdad’ in the late eighth century, and to hypothesise 
about the origins of one of several commentaries on the Almagest that 
were composed during this period. 

The earliest documented attempt to discuss critically any portion of 
the Almagest was written by an otherwise totally obscure Artemidorus 
in the latter half of the second century or at the beginning of the third. A 
passage regarding the lunar theory of Books IV and V of the Almagest is 
quoted from this Artemidorus in the anonymous commentary on the 
Handy Tables edited by Jones and shown by him to contain an example 


1 Heiberg 1898-1903; translated into English by Toomer 1984. 
2 For the date, see Toomer 1984: 1. 


3. Itis referred to by Stephanus the Philosopher c. 790: see Catalogus Codicum Astrolo- 
gorum Graecorum 2, 1900: 182. For the date of Stephanus, see Pingree 1989. 


4 See Pingree 1973. For the extant versions in Arabic, see the introductions in 
Kunitzsch 1986; 1991. 
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that can be dated 24 April 213.” Artemidorus established a tradition — 
fortunately not followed universally — of failing to understand or of 
misrepresenting Ptolemy’s statements in the Almagest.° 

It is clear that Artemidorus, however deficient his understanding, 
approached the Almagest as an astronomer interested in the way in which 
Ptolemy’s solutions to problems work mathematically. The same can be 
said of the two Alexandrian scholars who commented on the Almagest 
during the course of the fourth century. Pappus composed his Σχόλιον" 
after 18 October 320, the date for which, in his commentary on Almagest 
VI 4, he computed the time of a mean conjunction of the sun and the 
moon.° Of Pappus’s Scholion there survive in their entirety only Books V 
and VI; as we shall see, some fragments of other books — it is not yet 
clear how many — can be recovered from other sources. Rome conjec- 
tured that Pappus followed a tradition established by some earlier 
commentator of dividing each of the thirteen books of the Almagest 
(excluding, presumably, the Star Catalogue in VII and VIII) into sections 
called θεωρήματα; echoes of this practice survive in the commentary of 
Theon’ and in the later scholia."” These divisions may have been more 
useful in the teaching of the Almagest, which was strongly directed 
toward the students’ acquiring computational skills, than were 
Ptolemy’s chapter divisions, which reflect his concern with the logical 
development of astronomical theory. Despite his emphasis on computa- 
tions, Pappus makes in Books V and VI about a dozen errors in calcula- 
tion, and in eight cases seems to have deliberately falsified his results in 
order to make them agree with the Almagest."’ His students could not 
have been very alert since they seem to have let him get away with his 
slipshod habits. 


Jones 1990. 

Jones 1990: 11-12. 

The commentary on Books V and VI is edited by Rome 1931. 
Rome 1931: 180-183, cf. x-x1ii. 


eo ON DBD ὥὦι 


Rome 1931: xviil-xx. 
10 Traces occur, for example, in the scholia of Vaticanus Graecus 1594 discussed below. 


11 In Rome 1936: lxxxv. 
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Theon composed his Ὑπόμνημα on the Almagest most probably in 
the 360s and 370s. Now that Professor Tihon has discovered most of 
Theon’s commentary on Book V in the margins of Vaticanus Graecus 
198,15 we have all of the Ὑπόμνημα except for Book XI. Of the eighteen 
manuscripts of the commentary known to Rome the oldest is Lauren- 
tianus 28.18, copied in the ninth century and at present preserving only 
Books I to IV and VI. In fact, ten of the manuscripts contain nothing 
beyond Book VI, and they, without the Laurentianus, form Rome’s Class 
II. So there existed an edition of Theon that broke the text at the end of 
Ptolemy’s discussion of spherical trigonometry, and the theories of the 
sun, the moon, and eclipses. This is also the dividing point between the 
two volumes of Heiberg’s critical edition. One wonders if the survival 
of Books V and VI of Pappus’s Σχόλιον may not be due to their being the 
end of a first volume of an edition of which the second volume in its 
entirety, the first in its beginning have been lost. 

Theon assumes a fairly low level of mathematical ability and accom- 
plishment in his students. They need, for instance, to be instructed at 
great length on the multiplication and division of sexagesimal fractions 
and on a variety of geometrical theories, while in general Theon teaches 
them nothing beyond the replication of Ptolemy’s calculations. If the 
students had gone on to study the five books of Theon’s so-called Great 
Commentary on the Handy Tables,"* they would have learned how 
Ptolemy transformed the parameters and models of the Almagest into 
astronomical tables, but from neither Pappus nor Theon would they 
have learned how to conduct research that would lead to improvements 
in either Ptolemy’s parameters or his models. 

If Cameron’s interpretation is correct, Theon not only commented on 
the Almagest; he edited the text or at least Books I and II, while his daughter, 
Hypatia, edited at least that of Book III.” It remains to be determined 


Books 1 and II were edited by Rome 1936, and Books ΠῚ and IV in Rome 1943. Books I-II, 
IV-X, and ΧΠ.ΧΙΠ together with Book V of Pappus were published with the Almagest 
as Theonis Alexandrini In Claudii Ptolemaei Magnam Constructionem Commentariorum 
lib. ΧΙ (Basle, 1538); but this edition contains only a fragment of Theon on Book V. 


Tihon 1987. 
Books I-III have been edited by Tihon 1985-1991 (the first volume with J. Mogenet). 
Cameron 1990. 
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precisely in what ways they modified Ptolemy’s text, or in what ways 
Hypatia changed her father’s Ὑπόμνημα if, indeed, she did; some possi- 
bilities are given by Cameron; others have been pointed out by Tihon.”® 

Questions concerning the situation in which Pappus and Theon 
taught the Almagest and what sort of students they might have attracted 
present problems whose solutions we can only guess at. The Suda, to be 
sure, states that Theon belonged to the Museum at Alexandria,” but both 
the accuracy of this report and even the existence of the Museum in the 
late fourth century are in doubt. Pappus, Theon, and Hypatia all bore 
the title of philosopher, but this need not indicate an official teaching 
post. Theon remarks in the preface to his Ὑπόμνημα: " ‘He who is called 
to astronomize should not bring forward the μακρολογίαι from philoso- 
phy’; this statement presumably reflects the attitude of all three to the 
relation of philosophy to astronomy. Moreover, the known works of all 
three are devoted almost exclusively to the mathematical sciences. They 
seem, then, to have been private teachers of quadrivial subjects to 
students who had received a basic education. Those students who 
studied the Almagest under their tutelage were interested primarily in 
learning the details of Ptolemy’s mathematical models, and had no 
practical motive such as the practice of astrology. Astrologers operated 
with far less sophisticated material; at best they learned how to manipu- 
late the Handy Tables, a skill also taught by Theon.” 

So astronomy in the fourth century was merely the culmination of the 
quadrivium, a course of study whose pursuit would produce an edu- 
cated man; and it was considered to have been perfected in the Almagest, 
which an advanced student could hope to understand, but certainly not 
to improve. A different attitude was manifested by Neoplatonist phi- 
losophers in the fifth century; for Proclus took very seriously indeed the 
position of the planetary spheres in the universe as intermediaries be- 
tween the supercelestial, intellectual world, and this sublunar world of 
sensation. In his exposition of the Almagest, therefore, the Ὑποτύπωσις 
TOV ἀστρονομικῶν ὑποθέσεων, While displaying a full command of its 


16 Tihon 1992: esp. 131-135. 


17 © 205 (2.702 Adler). 


18 Rome 1936: 319. 


19 Tihon 1978. 
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technical details, Proclus’s opening words are: ‘Great Plato, O comrade, 
deems it fit that he who is truly a philosopher, casting aside the senses 
and the whole wandering substance, say farewell to them, astronomize 
beyond heaven, and consider abstract slowness and swiftness there in 
their true number’.” It is, then, only with reluctance that Proclus under- 
takes his explanation of the Almagest; and he ends the Ὑποτύπωσις by 
casting doubt on the reality of epicycles and eccenters, by pointing out 
that the astronomers have not ventured to assign causes for their mo- 
tions, and finally by criticizing them because: ‘Proceeding backwards, 
they do not decide upon what follows from hypotheses as the other 
sciences do, but they try to fashion the hypotheses from the conclu- 
sions’.”’ Despite such criticisms, Proclus and all succeeding Neoplaton- 
ists believed astronomy to be necessary to theology, and the Almagest to 
be the supreme achievement of astronomical studies. 

A student of Proclus named Hilarius of Antioch is stated in the 
Hypotyposis to have proved (or to possess a proof of) the equivalence of 
the epicyclic and eccentric models.” Damascius in his Life of Isidore 
informs us that Hilarius was dismissed from the Academy because 
Proclus could not stand his gluttony.” And Marinus, Proclus’s successor 
as the head of the Academy, is known to have commented on the Handy 
Tables, citing Pappus on Book V of the Almagest.” At the end of Photius’s 
summary of Damascius’s Life of Isidore we are told that Damascius 
studied geometry and arithmetic and the other mathematical sciences 
under Marinus at Athens, but that Ammonius in Alexandria was his 
instructor in Plato’s works and in Ptolemy’s Syntaxis.” Indeed, preced- 
ing the Almagest in several manuscripts is a report from the hand of 
Heliodorus of several observations made by himself and his brother 
Ammonius in Alexandria between 498 and 510.” These notes are accom- 


Hypotyposis 1.1 (Manitius 1909: 2). 

Hypotyposis 7.55-57 (Manitius 1909: 238). 

Hypotyposis 3.73-88 (Manitius 1909: 76-84). 

Photius, Bibliotheca, Codex 242.266 (6.50-51 Henry). 

Tihon 1976. 

Photius, Bibliotheca, Codex 181 (2.192 Henry), cf. Codex 242.145 (6.36 Henry). 
Heiberg 1907: xxxiv-xxxvii, cf. Neugebauer 1975: 2.1038-1041. 
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panied by an anonymous Prolegomena to the Almagest, which Mogenet 
attributed to Eutocius,” though that attribution has been questioned by 
Knorr.” Thus a large number of Proclus’s students and immediate 
successors studied the Almagest. 

There remains one substantial, but little studied witness to late antique 
teaching of the Almagest. This was an apparently full-scale commentary 
out of which was fashioned a set of scholia.” The oldest copy of these 
scholia is one of the oldest copies of the Almagest itself. Vaticanus Graecus 
1594” is a magnificent folio volume of 284 leaves, copied in an early 
minuscule in the ninth century, normally with two columns per page. A 
note on fol. 284v written in the thirteenth century indicates that it then 
consisted of 315 folia; but, despite its loss of 31 folia since that time, it still 
contains, in addition to the Almagest (fols. 9-263v), Ptolemy’s Φάσεις (fols. 
264-272), Περὶ κριτηρίου καὶ ἡγεμονικοῦ (fols. 272v-277), and Ὑποθέσεις 
(fols. 278-283), for each of which it is one of the most important witnesses. 
This collection is preceded, on fols. 1-8v, by the Προλεγόμενα, though 
incomplete at the end; the lost folia clearly contained the record of the 
observations made by Ammonius and Heliodorus at Alexandria in the 
early sixth century. This connects the text, in some undefined way, with 
the Almagest tradition of Alexandria. The likelihood is that its archetype 
emanated from that city in the sixth century. 

But we are interested not in the text itself, but in the copious scholia 
written inits margins and between its columns. Most of these scholia were 
written by the original scribe in the ninth century; they appear to be 
extracted from a single commentary or course of lectures. Others were 
copied in perhaps the twelfth century; they contain, among many other 
things, important references to Islamic astronomy and to Theon’s Great 
Commentary on the Handy Tables.” Another scribe, of the thirteenth cen- 
tury, records at the end of the Almagest (fol. 263v) that the codex belonged 
to an unknown Leo the astronomer. And on fol. 1 is a note, written, if 


Mogenet 1956. 

Knorr 1989: 155-211. 

Mogenet 1975. 

Giannelli 1950: 223-225. 

Mogenet 1962; 1975: 307-311; Tihon 1989. 
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Sevtéenko is correct, by Nicephorus Gregoras, who must have had access 
to this beautiful manuscript at Constantinople in the early fourteenth 
century. Three centuries later, in 1604, it was in the possession of Lelius 
Ruinus, from whose library it was purchased for the Vatican in 1622. 

Fortunately, because the margins whereon the scholia were written are 
frequently in such a damaged state and the ink so faded that help is 
desperately required in deciphering them, most of both the ninth century 
and the twelfth century scholia were copied in the thirteenth century onto 
fols. 25-80 of Vaticanus Graecus 184,” a manuscript of 220 folia copied by 
several contemporary scribes. A good idea of its date is furnished by the 
presence on fols. 2-8 of the oldest surviving copy of the Kat’ Ἰνδοὺς 
ψηφηφορία ἣ λεγομένη μεγάλη that was composed in 1252,” following 
whichisa copy of a ψηφηφορία of 906 copied in 1270/1.* Between this text 
and the scholia are the Προλεγόμενα, the Canobic Inscription, and the report 
of the observations of Ammonius and Heliodorus, while following the 
scholia is the text of the Almagest (fols. 82-220), corrected in part directly 
from Vaticanus Graecus 1594.” It should not surprise us, then, that the set 
of scholia copied onto fols. 25-80 of Vaticanus Graecus 184 were copied 
directly from Vaticanus Graecus 1594, with no distinction being made, of 
course, between the ninth and the twelfth century scholia. 

The title of this collection of scholia is: Ξέωνος ᾿Αλεξανδρέως σχόλια 
πάνυ χρήσιμα εἰς τὴν Μεγάλην Σύνταξιν. It is true that Theon has contrib- 
uted heavily if not heedfully to the composition of these scholia, but his 
words are often changed, and often supplemented by a later commenta- 
tor’s sometimes silly remarks. Still, the scholia are at times useful for 
reconstructing Theon’s text, especially since it provides evidence for the 
state of that text more than two hundred years before the copying of the 
Laurentian manuscript, to which it is closer than to the other manuscripts 
of Theon. Thedistancein time and culture of ourcommentator from Theon 
is perhaps indicated at one of the few points at which the scholiast dares 
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to contradict his predecessor; for, when he criticizes some no longer extant 
tables of compound ratios produced by Theon,” he calls him sarcastically: 
6 μέγας φιλόσοφος, and remarks: ‘Behold, the tables of Theon have been 
preserved even though they are not correct’. 

Our commentator also frequently quotes from Pappus’s commentary, 
naming him directly;* these quotations are scattered throughout the 
Almagest,and soinform us of at least some of Pappus’s comments on books 
other than the fifth and the sixth of the Almagest. Undoubtedly many other 
quotations from Pappus exist among the scholia without direct attribu- 
tion; they willbe difficult indeed toidentify. Our commentator also quotes 
from, among others, Proclus and Marinus; this means that he must have 
written in the sixth century at the earliest. 

There seem to me tobe basically two different ways in which these scholia 
could have come into being. The first requires a single intelligence interpret- 
ing the text ina more or less consistent manner — consistent both with itself 
and with the author’s mathematical, astronomical, and philosophical points 
of view. But, if this were the case, it must be admitted that the author, in 
lecturing on the Almagest, has been content to copy from his predecessors 
many passages that seemed to him to be useful, though he occasionally 
expanded upon or added to them. The alternative hypothesis is to assume 
that some teacher sat down with several Almagest commentaries and com- 
piled his own commentary out of them, again occasionally interjecting his 
owncomments, butnot striving for consistency. This hypothesis would help 
to explain the triviality and/or disconnectedness of many of the mathemati- 
cal scholia as well as the contradictions or incompatibilities of some of the 
astronomical scholia with each other. But this hypothesis also has the neces- 
sary consequence that there existed in late antiquity several more commen- 
taries on the Almagest than those of Theon and Pappus. I wish now briefly to 
examine the writings of those sixth and early seventhcentury scholars whom 
we know of and who can be shown to have studied the Almagest in order to 
assess the possibility of their having commented on it and to compare their 
known views with those found in our scholia. 

Seven scholars — Heliodorus, Eutocius, John Philoponus, Simplicius, 
Olympiodorus, Rhetorius of Egypt, and Stephanus of Alexandria—come 


37 Fol. 23v of Vat. gr. 1594 (V), fol. 30 of Vat. gr. 184 (v). 
38 E.g., fols. 31ν and 189 of V, fols. 35 and 67v of v. 
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immediately to mind as students of Ptolemaic astronomy and as potential 
candidates for the authorship either of the commentary itself that lies 
behind our scholia or of commentaries that contributed to it. Let us briefly 
consider each one, as this exercise will bear ample witness to the remark- 
able extent to which the Almagest was taught in late antiquity, as well as 
providing the necessary background to the solution to the problem of the 
authorship of the scholia that I shall propose at the end of this paper. 

The first candidate is Heliodorus, whose report of a series of seven 
astronomical observations was prefaced to the archetype of some of the 
more important manuscripts of the Almagest, including Vaticani Graeci 
184 and, once, 1594. Heliodorus made an observation in May 498 by 
himself, one in February 503 with his brother, Ammonius, and one in 
March 509 by himself. Heliodorus was probably also the observor in June 
509 who compared his observation of a conjunction of Mars and Jupiter 
with computations from the Kavov (i.e., the Handy Tables) and the 
Σύνταξις; clearly Heliodorus was an interested and reasonably compe- 
tent astronomer. But, though Tannery attributed to him the anonymous 
Προλεγόμενο " and Boll some simple planetary schemes” borrowed by 
Rhetorius from the equally anonymous Σχόλια to the Handy Tables 
together with some other Rhetorian pieces,” his only known publication 
was a commentary on Paul of Alexandria’s astrological Eioaywyn, which 
commentary Heliodorus apparently entitled Διδασκαλία ἀστρονομική; 
aside froma few fragments in scattered manuscripts” and some citations 
by Rhetorius,* it is imperfectly known to us through its having been 
used by Olympiodorus as the basis for his commentary on Paul.“ In any 
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case, there is nothing in this material to indicate that Heliodorus might 
have been the author of a commentary on the Almagest as well. 

The second scholar is Eutocius of Ascalon, who dedicated his 
Ὑπόμνημα on Archimedes’s Περὶ σφαίρας καὶ κυλίνδρου" to Ammonius, 
who was probably his teacher. Eutocius wrote primarily on mathemat- 
ics, commentaries on works of Archimedes and Apollonius, but he also 
composed a treatise on genethlialogy, the ᾿Αστρολογούμενα; from this 
work Rhetorius has preserved a lengthy discussion of a horoscope that 
can be dated 28 October 497.% As is usual in astrological texts, the 
positions of the planets were computed by means of the Handy Tables. 

But Eutocius is quite familiar with the Almagest as well. At the end of 
his commentary on Archimedes’s Ἢ tod κύκλου μέτρησις he refers to 
Ptolemy’s method of computing chords as expounded in the Μαθημα- 
τικὴ Lovtaeic,” and earlier in the same commentary he mentions that 
methods of finding the square-root of a given number are described by 
Heron in his Metpixa and by Pappus, Theon, and many other commen- 
tators on the Μεγάλη Σύνταξις of Ptolemy.” We do not know who these 
other commentators might be; but it is of interest to note that the methods 
of both Heron and Theon are summarized in the anonymous 
Προλεγόμενα which has been characterized by Mogenet as a commentary 
on the first book of the Almagest.” Mogenet further notes that Eutocius, 
in his commentary on the second book of Apollonius’s Conics,” states 
that he has discussed compound ratios ‘in the commentary published by 
us on the fourth theorem of the second book of Archimedes’s [epi 
σφαίρας καὶ κυλίνδρου and in the σχόλια of the first book of Ptolemy’s 
Lovtagic.’ Mogenet takes this commentary by Eutocius on the first book 
to be identical with the Προλεγόμενα and not to have been extended to 
the rest of the Almagest (an unprovable hypothesis); he buttresses this 
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theory of Eutocius’s authorship by comparing the treatment of com- 
pound ratios in the IIpoAeyoueva with Eutocius’s treatments of this 
subject in his commentaries on the Περὶ σφαίρας καὶ κυλίνδρου and on 
the Conics. It is on the basis of a re-examination of this comparison that 
Knorr denies that Eutocius could have written the Προλεγόμενα, suggest- 
ing instead the obscure Arcadius whom also Eutocius mentions as the 
author of συντάγματα along with Theon and Pappus.” For us it suffices 
to remark that what little concerning compound ratios our scholia con- 
tain is derived from or influenced by Theon, not by Eutocius or the 
Προλεγόμενα; and that the explanation of the multiplication and division 
of sexagesimal fractions given in our scholia as well as other material is 
different from those presented in the Προλεγόμενα. I conclude that 
neither Eutocius nor the author of the Προλεγόμενα wrote our commen- 
tary nor was followed in his mathematics by our commentator. One can 
only hope that parts of Eutocius’s lost commentary, whether it was just 
on Book I or on all of the Almagest, may be preserved in the scholia that 
adorn the margins of other Almagest manuscripts. 

John Philoponus, who demonstrates his interest and competence in 
mathematical astronomy in his Περὶ τῆς tod ἀστρολάβου χρήσεως καὶ 
κατασκευῆς, clearly studied the Almagest (presumably under his 
teacher, Ammonius) since in his commentary on Aristotle’s Metewpodo- 
γικά, in his De opificio mundi, and in the De aeternitate mundi contra Proclum 
he refers to Hipparchus’s and Ptolemy’s hypothesis of a ninth, starless 
sphere, which can be deduced from Almagest VIL3, and to their value for 
the rate of precession.” Philoponus’s statement that Ptolemy attributes 
to Aristotle the view that the planets have no proper motion of their own 
comes from the second book of the Planetary Hypotheses rather than from 
the Almagest, but the refutation of Aristotle’s counteracting spheres does 
not.” There is no reason at all to believe that Philoponus wrote a 


51 Heiberg 1915: 120, cf. Knorr 1989: 166-168. Nothing, of course, makes us certain that 
Arcadius’s σύνταγμα was a commentary on the Almagest. 
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commentary on the Almagest; and in any case his Monophysite tenden- 
cies conflict with the theology of our scholiast. 

At this point I shall break the chronological sequence and, skipping 
temporarily over Simplicius, turn to Olympiodorus. He, as we have seen, 
utilized Heliodorus’s commentary on Paul of Alexandria’s astrological 
Eioaywyn as the basis for his own lectures on that text delivered in Alexan- 
dria during the summer of 564.” The original version of this commentary 
refers only to the Handy Tables; and Olympiodorus’s explanations of 
astronomical matters does not rise above the rather low level achieved by 
Paul. However, in his commentary on Aristotle’s Μετεωρολογικά Olym- 
piodorus does demonstrate some familiarity with the Almagest. What he 
repeats from that text are quite specific things: the ratios of the distances 
of the sun, the moon, and the tip of the earth’s shadow from the center of 
the earth;” the fact that the size of the sun is 170 times that of the earth;*” 
that the greater a celestial body’s parallax, the closer it is to the earth;** and 
that the fixed stars move with precession 1°in 100 years.” Inacommentary 
on the Μετεωρολογικά, of course, there is little room for the discussion of 
mathematical astronomy; still it must be conceded that Olympiodorus no- 
where in his extant writings displays the knowledge of or interest in mathe- 
matics that a commentator on the Almagest ought to possess. Therefore I 
conclude that he is unlikely to have been the author of any part of our scholia. 

We turn now to our fifth candidate, Rhetorius of Egypt, who wrote an 
enormous astrological compendium, entitled Onoavpot, in the early sev- 
enth century, most likely at Alexandria.” In the first four chapters of the 
sixth book he assembles astronomical information that he believes will be 
useful to astrologers. His sources include the anonymous fifth or sixth 
century scholia on the Handy Tables,°' Theon of Smyrna’s Τὰ κατὰ τὸν 
μαθηματικὸν χρήσιμα εἰς τὴν Πλάτωνος ἀνάγνωσιν, and Ptolemy’s Φάσεις 


See the works cited in note 43. 

Olympiodorus, In Meteora (CAG 12.2) p. 68 Stiive, cf. Almagest 5.15. 
Olympiodorus, In Meteora (CAG 12.2) p. 19 Stiive, cf. Almagest 5.16. 
Olympiodorus, In Meteora (CAG 12.2) p. 75 Stiive, cf. Almagest 5.17. 
Olympiodorus, In Meteora (CAG 12.2) p. 76 Stiive, cf. Almagest 7.2. 
Pingree 1977. 

Tihon 1973. 


146 


The Teaching of the Almagest in Late Antiquity 


ἀπλανῶν ἀστέρων. He also at several points cites the Σύνταξις --- at one 
point, for instance, to the effect that the solar parallax is 2 minutes 
(Ptolemy’s maximum is 0;2,51°)” and, most surprisingly, that both Venus 
and Mercury manifest a parallax. This seems a deduction from the com- 
puted distances from the earth of the two inferior planets which we will 
discuss later as it occurs in our commentary, but there without any 
reference to the parallax of the inferior planets. Note that Ptolemy explic- 
itly denies a parallax of any (observable) size for them.” This suggests that 
Rhetorius is relying on some elaboration and correction of the Almagest. 
However, the general crudeness of Rhetorius’s astronomical knowledge 
confirms our conclusion that he cannot be an authority for our commen- 
tary, but he does bear witness to the fact that the Almagest was still being 
studied at Alexandria a decade or two before the Muslim conquest in 642. 

Our next to last candidate is Stephanus of Alexandria. He has been 
identified, ever since Usener’s pamphlet of 1880,“ with the author of the 
commentary on the Handy Tables of which all of the evidence within the 
body of the commentary proclaims the author to have been the emperor 
Heraclius himself. The earliest reference that we possess to Stephanus’s 
activities as acommentator on the works of Ptolemy is in the extravagant 
and fraudulent introduction to the ᾿Αποτελεσματικὴ πραγματεία com- 
posed by a certain Stephanus the Philosopher in 775.” This Stephanus, 
claiming rightly or wrongly to be an Alexandrian and asserting that he is 
writing shortly after Muhammad’s Hijra in 622, states that he has ex- 
plained, among many other texts, τὰς πτολεμαϊκὰς (lacuna) καὶ Συντάξεις 
καϊὀργανικὰς αὐτοῦ μαγγανείας. Into the lacuna Usener suggests inserting 
the word kxavovoypagiac, thereby making the later eighth century 
Stephanus a witness to the early seventh century Stephanus’s authorship 
of the ‘Heraclian’ commentary on the Handy Tables. While the later 
Stephanus may not be an altogether credible witness to this” (though it is 
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certainly likely that Stephanus did write the commentary for — even 
perhaps with — the emperor), he is a witness to Stephanus’s fame as an 
astronomer in Byzantium in the late eighth century, and later Byzantine 
sources confirm the reality of this reputation. Stephanus of Alexandria 
cannot, therefore, be excluded from our list of potential commentators on 
the Almagest, especially since Stephanus the Philosopher expressly states 
him to have written such a commentary. However, I have found nothing 
yet in our scholia to link them with Stephanus of Alexandria. 

But I believe that Stephanus the Philosopher will lead us back to the 
milieu in which the commentary was written. I have shown elsewhere 
that he was a student of Theophilus of Edessa in Baghdad in the 760s, 
from whom he would have learned Ptolemaic astronomy as well as the 
new Indo-Irano-Greek astronomy of the early ‘Abbasids, based in part 
on an earlier Syrian tradition.” Theophilus had studied Greek science in 
Greek — including, clearly the Almagest® — in the early decades of the 
eighth century at Edessa, and perhaps also at nearby Harran. We can by 
no means provide a continuous chain of scholars of the Almagest linking 
Theophilus to the Neoplatonist philosophers such as Damascius, Pris- 
cianus Lydus,” and Simplicius who, according to almost entirely con- 
vincing evidence assembled by Tardieu,” had settled at Harran after 
their return from Persia (i.e., Ctesiphon) in 533. Severus Sebokht, who 
was educated at nearby Nisibis in Syriac, Greek, and Pahlavi in the early 
seventh century (he was an old and ailing man in 661/662) certainly 
knew his Almagest well;”’ but the name of no other astronomer from 
north-eastern Syria comes to mind till we get back to Sergius of Reshaina, 
an older contemporary of Simplicius. 

It is only in our imaginations, then, that we can reconstruct a 
continuous school of Ptolemaic astronomy flourishing in Syria between 
the sixth and the ninth century, in which century that region produced 
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such highly competent astronomers as Thabit ibn Qurra of Harran, 
Qusta ibn Luga of Ba‘albak, and al-Battani of Raqqa. Their existence 
in combination with that of Severus and Theophilus is the best evidence 
so far available for the continuity of the teaching tradition of the 
Almagest in Syria. Thabit and al-Battani were members of the religious 
community that called itself Sabian, while Qusta, like our proposed 
seventh and eighth century links, Severus and Theophilus, was a 
Christian, though the three were of different persuasions. We must not 
suppose that such doctrinal differences raised an insuperable barrier 
to the transmission of scientific knowledge; Severus is known to have 
had contacts, though not necessarily friendly, with anti-Monophysite 
Greeks on Cyprus through his student Basil, and had argued against 
the Maronites before the Caliph Mu‘awiya ini 659; and Theophilus, a 
Maronite, was active as an astrological advisor to the ‘Abbasid court 
from the 750s till his death in 785, and at that court shared his 
knowledge of Greek astrology and astronomy with Masha’allah, a 
Persian Jew.” 

Let us turn now to the first link in this chain that we have so hypo- 
thetically forged, Simplicius of Cilicia. We are informed by the philoso- 
pher himself” that he was present in Alexandria when his teacher, 
Ammonius, observed the longitude of Arcturus with an armillary 
sphere, and thereby confirmed the Almagest’s constant of precession; 
such a conclusion requires Ammonius to have made an error of about 
1;30° in his determination of Arcturus’s longitude.” Still, the report 
suffices to show us that Simplicius, like his colleague Damascius, studied 
the Almagest under Ammonius; and his familiarity with that text is 
amply demonstrated in his commentary on the De caelo.” We also know 
that Simplicius was a careful student of Euclid, as was the author of our 
scholia, since his commentary on the beginning of the Elements is exten- 
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sively quoted in its Arabic translation by al-Nayrizi.” It is possible, then, 
that Simplicius either wrote the commentary which is the source of our 
scholia or else a commentary that was utilized by the compiler of the 
commentary on which those scholia are based. 

And there are indeed statements in the scholia that may emanate from 
our philosopher. We begin with the observation of Arcturus undertaken 
by Ammonius and witnessed by Simplicius. This is based on Almagest 
ΝΗ] 3, where Ptolemy describes the construction of a solid sphere or 
celestial globe on which are marked the stars, with, according to 
Ptolemy, Sirius being the reference star;” its longitude in 1 Antoninus or 
137 AD was, according to Ptolemy, Gemini 17 2/3°,” or 12 1/3° before 
the summer solstice. This distance, according to Ptolemy’s theory of 
precession, will decrease by 1° in every 100 years. Ammonius chose to 
test precession — which had been vigorously denied by Proclus” — not 
by observing Sirius’s distance from the summer solstice, but Arcturus’s 
from the autumnal equinox. In the Almagest the longitude of Arcturus is 
given as Virgo 27°,” i.e., 3° from the equinox. Our commentator,®’ how- 
ever, reverts to Ptolemy’s use of Sirius as the reference star (in this, as in 
some of his wording, he follows Theon), and remarks: ‘Having found 
the Dog-star at the beginning of the reign of Antoninus to be distant from 
the summer solstice 12 1/3 degrees, after 500 years we shall have it 
distant 7 1/3 (degrees)’. This indicates not only that our commentator 
sustains Ammonius against Proclus, but that he wrote after 537 and 
before 637. The earlier years of this century would nicely fit into the 
active life of Simplicius, the latter years into that of Stephanus. Of course, 


Besthorn and Heiberg 1893-1932: 8-40. For the Latin translation by Gerard of 
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considering the amount of interest in the Almagest during this period we 
cannot limit our choice of author to only these two. 

Another significant astronomical theory to which our commentator 
refers is that of the order and distances of the planets from the earth. 
Ptolemy had shown in the Almagest that the maximum distance of the 
moon from the center of the earth is 64;10 earth radii,” and that the mean 
distance of the sun is 1210 earth radii.® In the second half of the first book 
of the Planetary Hypotheses™ Ptolemy calculated, by the approximate 
ratios to each other of rounded values derived from the parameters of the 
Almagest, the minimum and maximum distances of the planets; this 
computation is summarized more or less accurately for the moon, Mer- 
cury, Venus, and the sun by Proclus in his commentary on the Timaeus;» 
butin the Hypotyposis® he presents a computation based on other parame- 
ters equal or very close to those that appear in the Almagest. Precisely the 
same numbers, though embedded in a far more elaborate exposition than 
is presented by Proclus in the Ὑποτύπωσις, are found in our commentary, 
in a scholium on Almagest IX 1.57 This seems to represent the source of 
Proclus’s reportin the Hypotyposis, which was written apparently before 
he composed his commentary on the Timaeus, by which time he knew the 
last half of the first book of the Planetary Hypotheses, which we know 
otherwise only from its ninth century translation into Arabic. 

The Hypotyposis was apparently also written before Proclus’s com- 
mentary on the Republic in which Ptolemy’s criticism of the Aristotelian 
adaptation of Eudoxus’s theory of homocentric spheres is reported.” 
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This criticism is found in the second book of the Planetary Hypotheses, 
also lost in Greek, but preserved in Arabic.” 

Hitherto only Proclus and Simplicius among Greek scholars have 
been known to have read the second book of the Planetary Hypotheses; to 
them we have joined Philoponus”. Now we can add to their number the 
author of our commentary on the Almagest.” The relevant scholium, 
relating to Almagest XIII 2, describes the mechanism employed by 
Ptolemy to account for planetary latitude ἐν τῇ δευτέρᾳ τῶν Ὑποθέσεων 
αὐτοῦ δύο βίβλίων. This scholium leads me to conjecture that the scholi- 
ast has derived at least this comment and probably others from a 
commentary by Simplicius or one of his followers in Syria. As we shall 
see, there are other passages in the scholia whose authorship it would be 
impossible to ascribe to Simplicius; but Syria seems to be the right place 
since it is there, apparently, that the Greek manuscript of the entire 
Planetary Hypotheses survived to be translated into Arabic. That transla- 
tion is said in one of its two copies to have been corrected by Thabit ibn 
Qurra;” though the poor quality of the Arabic makes this claim doubtful, 
it is clear that Thabit knew the second part of Book I. Moreover, one of 
the two classes of the Greek manuscripts that contain the first half of 
Book I consists of Vaticanus Graecus 1594 and its descendents,” so that 
the history of this text and of our scholia are closely bound together. I 
would guess that its ancestry goes back through Syria to Alexandria. 

Among the scholia are several that seem too mathematically primitive 
to be worthy of Simplicius; but, of course, we do not know what level of 
competence may have been attained by his pupils. More seriously 
against his authorship of the commentary as a whole is a series of three 


90 Goldstein 1967: 36 ff. 


91 Simplicius, In Cael. (CAG 7, 1894) p. 456, cf. Heiberg 1907: 110 (Ptolemy); for 
Philoponus, see the passages cited in note 53. 


92 Fol. 247v in V, fol. 75 in v. 
93 Leiden arab. 1155: see Goldstein 1967: 13. 


94 Tashil al-majasti, in Morelon 1987: 13-15. This was translated into Latin under the 
title De hits que indigent expositione antequam legatur Almagesti: the passage in question 
is in Carmody 1960: 137. 


95 Heiberg 1907: clxxi-clxxiii. 
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theological scholia”® on Almagest 1 1, where Ptolemy remarks: ‘The first 
cause of the first motion of all things, if one were to consider it simply, 
one might think to be an invisible (ἀόρατον) and unmoving (ἀκίνητον) 
deity, and the type (of philosophy) concerned with investigating this to 
be θεολογικόν, since such an activity is above somewhere in the loftiest 
parts of the universe (ἄνω nov περὶ τὰ μετεωρότατα τοῦ κόσμου). In this 
statement Ptolemy follows Aristotle’s description of the prime mover in, 
e.g., Metaphysics A 7. 

The first theological scholium is as follows: ‘He spoke well (when he 
said): “Unmoving divine (θεῖον instead of θεόν)“. Everything moving is 
imperfect (ἀτελές); it wishes to arrive at perfection (τέλος). God is not 
imperfect, but is perfect (téAe10c)’. This could have been written by an 
Aristotelian expanding on the Stagirite’s theory that the stars have 
appetetive souls.” There is no comment here on God’s invisibility. 

The second scholium is: ‘Ptolemy says that God is above somewhere 
in the loftiest parts of the universe. Some are puzzled at this, saying that 
the divine is everywhere (ἁπανταχοῦ). We say that “above” indicates 
“superiority” (ὑπεροχήν), not a location there’. The ‘some’ who are 
puzzled are presumably the commentator’s pupils, Christians voicing a 
common Christian dogma. The commentator’s response, while feeble 
(for ‘the loftiest parts of the universe’ surely indicate a location), reveals 
his own adherence to Christianity. But of what variety? 

The answer to that question, I believe, is to be found in the scholium’ 
on a later passage in Almagest 1 1, where Ptolemy states that one should 
speak of theology (τὸ... θεολογικόν) as ‘more conjecture than knowledge’ 
because of its being completely unmanifest (ἀφανές) and ungraspable 
(ἀνεπίληπτον). The scholiast misunderstands this to refer to God rather 
than to theology, and reacts sharply: ‘It is not (the case) that divine things 
(τὰ θεῖα) are unmanifest; indeed, this is blasphemy. But that they appear 
to be unmanifest because of our weakness as they do not fall under our 
sense-perceptions, just as the sun appears as darkness to bats because 
they are unfit (to see it)’. 


8 


96 The first two are found on fol. 9v in V, fol. 25 in v. 
97 See Wolfson 1962. 
98 Fol. 10 in V, fol. 25v in v. 
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This is an argument that would appeal, I believe, only to a Nestorian, 
for whom Jesus Christ, through whom the divine was revealed to 
mankind, has two substances (οὐσίαι) and two concomitant natures 
(φύσεις), one pair divine (the λόγος) and one pair human (the ἄνθρωπος), 
but they are united by a single πρόσωπον." The human nature is what 
was perceived by Christ’s contemporaries, the divine was known only 
by words and by deeds. Nestorius himself in his Bazaar of Heracleides 
quotes with approval the words of John I 18: ‘No man has ever seen 
God’.’” Later in the same work Nestorius says: ‘Man indeed is known 
by the human πρόσωπον (here meaning simply “character” or “person”), 
that is, by the σχῆμα of the body and by the likeness, but God (is known) 
by the name which is more excellent than all names and by the adoration 
of all creation and by the confession of him as God’.”™ 

If, then this teacher of the Almagest, whose comments are preserved 
in our scholia, was a Nestorian, and since his instruction was in Greek, 
where and when did he teach? It must have been outside of the Byzantine 
Empire, in a region where Greek survived as a language of learning, in 
the late sixth (assuming that he did use Simplicius) or early seventh 
century, before 637, the five hundredth anniversary of Ptolemy’s star 
catalogue. The only possibility seems to be Nisibis, just across the 


Euphrates from Edessa and Harran, in Persian territory, and the seat of 
the principle school for training the Nestorian clergy — the school, in 
fact, which served as a model, along with Alexandria, for the Christian 
Academy at Rome planned by Cassiodorus and Pope Agapetus I in 535; 
in this Roman Academy, it appears, Ptolemy’s Handy Tables and Almagest 


were to be taught."” However, the Almagest was most likely taught 


outside of the Nestorian theological seminary; the presence of such 
instruction, in Greek and in Nisibis, in the decades around 600 is indi- 
cated by the career of Severus Sebokht, a Monophysite in contrast to our 
Nestorian. The history of the school of Nisibis nicely conforms to this 
chronology; its director from about 570 till about 610 was Henana of 


Anastos 1962. 


Nestorius, The Bazaar of Heracleides, trans. G.R. Driver and L. Hodgson (Oxford, 
1925), 51. 


Nestorius: Bazaar 61. 


Pingree 1990. 
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Hadiab, a man of strong Monophysite leanings." His heretical views 
split the Nestorians of Nisibis, especially in the years after 596. The 
controversy culminated in a document issued by the orthodox Nestori- 
ans in 612 anathematising Henana’s writings along with those who read 
them. It appears that in this heated controversy our commentator re- 
mained faithful to Nestorius, while Severus favored the position of 
Henana, abandoned Persia either before or in 612, and successfully 
pursued a career in the Syrian Monophysite church within the Byzantine 
Empire. He was the last teacher of the Almagest that we know of before 
Theophilus of Edessa, whose student, Stephanus the Philosopher, might 
possibly have carried the forebearer of Vaticanus Graecus 1594 to Con- 
stantinople shortly before 775. 
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Astronomy and Astrology in 
India and Iran 


By David Pingree * 


So in recent years have the interrelationships of Babylonian, Greek, 
and Indian astronomy and astrology become a subject which can be 
studied meaningfully. This development is due to several factors: our 
greatly increased understanding of cuneiform material made possible by the 
scholarship of Professor Ὁ. Neugebauer; * the discovery of Babylonian para- 
meters and techniques not only in the standard Greek astronomical texts,? 
but in papyri and astrological treatises as well; and the finding of Meso- 
potamian material in Sanskrit works and in the traditions of South India. 
Unfortunately, a lack of familiarity with the Sanskrit sources and a failure 
to consider the transmission of scientific ideas in the context of a broad 
historical perspective have recently led one scholar to the erroneous con- 
clusion that Sasanian Iran played a crucial role in the introduction of Greek 
and Babylonian astronomy and astrology to India and in the development 
of Indian planetary theory.® It is my purpose in this paper to survey briefly 
the influence of foreign ideas on Indian ganakas so as to make clear the 
creative use they made of their borrowings in devising the yuga-system of 
astronomy; and then to examine the character of Sasanian astronomy and 
astrology, pointing out their almost complete lack of originality. 

The earliest Indian texts which are known — the Vedas, the Brahmanas, 
and the Upanisads — are seldom concerned with any but the most obvious 
of astronomical phenomena; and when they are so concerned, they speak 
with an obscurity of language and thought that renders impossible an 
adequate exposition of the notions regarding celestial matters to which their 
authors subscribed. One may point to the statement that the year consists 
of 360 days as ἃ possible trace of Babylonian influence in the Reveda,* but 
there is little else which lends itself to a similar interpretation. It has often 


* Harvard University. 

1See especially his Astronomical Cuneiform 
Texts, 3 vols., London, 1955 (hereafter ACT), 
and The Exact Sciences in Antiquity, 2nd ed., 
Providence, R. 1., 1957, chap. 5 (hereafter Exact 
Setences) . 

2See A. Aaboe, “ On the Babylonian Origin 
of Some Hipparchan Parameters,” Centaurus, 
1955-1956, 4: 122-125, and Neugebauer, Exact 
Sciences, pp. 157, 183. The basic survey of the 


ISIS, 1963, οι. 54, Parr 2, No. 176. 


transmission of astronomy is O. Neugebauer, 
“The Transmission of Planetary Theories in 
Ancient and Medieval Astronomy,” Ser. Math., 
N.Y., 1956, 22: 165-192. - 

8B. L. van der Waerden, Vjschr. Ναΐαν. Ges. 
Ztivich, 1960, 105: 140-148. 

4On the Vedic year, see G, Thibaut, As- 
trononue, Astrologie und Mathematik, Grun- 
driss der Indo-Arischen Philologie und Alter- 
tumskunde 3, 9, Strassburg, 1899, pp. 7-9. 
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been proposed, of course, that the list of the twenty-eight naksatras which 
is given for the first time at the beginning of the last millennium before 
Christ in the Atharvaveda and in various Bralmanas is borrowed from Meso- 
potamia.’ But no cuneiform tablet yet deciphered presents a parallel; the 
hypothesis cannot be accepted in the total absence of corroborative evidence. 

However, the naksatras are useful in the tracing of Indian influence on 
other cultures. The oldest lists 5 associate each constellation with a presiding 
deity who is to be suitably propitiated at the appointed times. It became 
important to perform certain sacrifices only under the benign influence of 
particularly auspicious naksatras.' “The roster of activities for which each 
was considered auspicious or not was rapidly expanded,® and, in particular, 
the naksatras came to be closely connected with the twelve or sixteen 
samskaras or purificatory rites. Thereby they gave rise to the most sub- 
stantial part of muhtirtasastra, or Indian catarchic astrology,° traces of which 
are to be found in Arabic, Byzantine, and medieval Latin texts.*° ‘The 
Indians also combined the twenty-eight naksatras with the Babylonian arts 
of brontology and seismology *! in a form which, for some unknown reason, 


5 See the most recent, J. Needham, Science 
and Civilization in China, vol. 3, Cambridge, 
1959, pp. 252-259. 5. Weinstock, “ Lunar Man- 
sions and Early Calendars,” J. Hellenic Studies, 
1949, 69: 48-69 is based on a series of misin- 
terpretations. 

ὃ See, e.g., Taittiriyasamhita 4, 4, 10. 

7P. V. Kane, History of Dharmasdstra, vol. 5, 
pt. 1, Poona, 1958, pp. 506-507. 

8 Ibid., pp. 523-525. 

90 η muhidrtasdstra, the oldest works seem 
to be: one of at least four versions of the 
Gargasamhita, that preserved in MS 210 of 
1883 /1884 of the Bhandarkar Oriental Re- 
search Institute, Poona, and MS 9277 of the 
Oriental Institute, Baroda; the Ratnakosa of 
Lalla (seventh century) in MS 27 of 1880/ 
1881] of the Bhandarkar Oriental Research In- 
stitute and MS 1208 of the Visvesvarananda 
Vedic Research Institute, Hoshiarpur; and the 
Ratnamaéla of Sripati (eleventh century), ed. 
by K. M. Chattopadhyaya, Calcutta, 1915. See 
also P. Poucha, “ La Jyotisaratnamala ou guir- 
lande des joyaux d’astrologie de Sripatibhatta,” 
Arch. Orientdini, 1946, 16: 277-309, and 
Μ, G. Panse, Jyotisaratnamdld of Sripatibhatta, 
Bull. of the Deccan College Res. Inst., 1956, 17: 
237-502, reprinted in the Deccan College Mono- 
graph Series, Poona, 1957. Besides these three 
works, I know of more than 100 other Sanskrit 
texts, not including their commentaries, on 
the same subject. 

i0E.g., the text on the twenty-eight lunar 
stations comparing the theories of the Indians, 
the Persians (Sasanians using Indian sources) , 
and Dorotheus (compiled from the fifth book 
of his Pentateuch, where the material is ar- 


ranged under zodiacal signs, not lunar man- 
sions, as is also the case in the poem of Maxi- 
mus, which is largely derived from Dorotheus; 
of the Pentateuch there survives a late eighth- 
century Arabic translation of a third-century 
Pahlavi version in MS Yeni Jami 784 and MS 
Or. oct. 2663 of Berlin, now in Marburg). 
The Arabic original of this text is to be found 
in MS Add. 23,400 of the British Museum; the 
Greek version has been published by 5. Wein- 
stock in Catalogus Codicum Astrologorum Grae- 
corum, ed. F. Cumont εἰ al., 12 vols. in 20 
parts, Bruxelles, 1898-1953, vol. 9, pt. 1, pp. 
138-156; the first five books of the Old Catalan 
version of ‘Ali ibn abi ’r-Rijal, who includes 
this text in his treatise, have been edited by G. 
Hilty, Ei libro conplido en los iudizios de las 
estrellas, Madrid, 1954; for editions and manu- 
scripts of the Latin, which is a translation of 
the Old Catalan, see F. Carmody, drabic As- 
tronomical and Astrological Sciences in Latin 
Translation, Berkeley-Los Angeles, 1956, pp. 
150-152. Cf. also John of Seville’s Epitome 
astrologiae 4, 18 cited by J. M. Millds Valli- 
crosa, Las traducciones orientales en los manu- 
scritos de la Biblioteca Catedral de Toledo, 
Madrid, 1942, pp. 157-158, and Carmody, op. 
cit., p. 10. 

11 For the Babylonian origin of these two 
methods of divination, see C. Bezold and F. 
Boll, Refiexe astrologischer Keilinschriften bei 
griechischen Schrifistellern, Sitz. Heidelberger 
Akad. Wiss. Phil-hist. ΚΙ, 1911, Abh. 7, Heidel- 
berg, 1911, pp. 45-52, and P. Hilaire de Wyng- 
hene, Les présages astrologiques, Uhbersicht 
iiber die Keilschrift-literatur, Heft 3, Roma, 
1932, p. 56. 


162 


Astronomy and Astrology in India and Iran 


became immensely popular among the followers of Buddha.'* Their works 
spread these superstitions throughout Central Asia and the Far East." 

The relative seclusion from the West which the Aryans had enjoyed in 
northern India for centuries after their invasions was broken shortly before 
513.8. c., when Darius the Great conquered the Indus Valley. In the ensuing 
six centuries, save for a century and a half of security under the Mauryan 
emperors, North India was subjected to the successive incursions of the 
Greeks, the Sakas, the Pahlavas, and the Kusanas. An important aspect of 
this turbulent period was the opportunity it afforded of contact between 
the intellectuals of the West and India. ‘This opportunity was not missed. 

In the period from 500 to about 230 B.c.— under the Achemenid occu- 
pation and during the reigns of Candragupta Maurya, Bindusara, and Asoka 
— Indian astronomy was introduced for the first time to some reasonable 
Babylonian methods, and astrologers were led to show an interest in more 
significant phenomena than the naksatras."* A luni-solar calendar was pro- 
pounded in the Jyotisavedaiga of Lagadha,* who probably wrote in the fifth 
century B. Cc. This calendar is described also in the ArthaSastra of Kautilya,?® 
which seems to be a Mauryan document; in the Jaina Stryaprajfapti,”’ 
which probably preserves a Mauryan system; in the oldest version of the 
Gargasamhita,** which may have been written in the first century A.p.; and 
in the earliest version of the Paitamahasiddhanta,’® which uses as epoch 
80 a.p. The period relation employed in this calendar — sixty-two synodic 
months in 1830 days — is extremely crude and, so far as I know, not Baby- 
lonian; but the attempt is analogous to the more accurate eight-year cycle 
introduced into Greece by Cleostratus of ‘Tenedos towards the end of the 
sixth century B. C. 

An important feature of the Jyotisavedaiga is its use of the tithi, or 
thirtieth of a synodic month, as a standard unit of time. ‘Tithis, of course, 
play a similar role in the Babylonian linear astronomy of the Seleucid 
period.?° It seems likely that the Indians borrowed the concept from Meso- 
potamia, though the exact origin of the tithi still remains obscure. 


12 See, inter alia, the Sardilakarndvadana of 8, Dvivedi, Benares, 1908; see also the edition 


the Divyavadana, ed. 85. Mukhopadhyaya, San- 
tiniketan, 1954, reprinted in the Divyavadana, 
ed. P. L. Vaidya, Buddhist Sanskrit Texts 20, 
Darbhanga, 1959. 

18 For the Chinese material, see M. Zemba, 
“ On the Astronomy and Calendar of the Bud- 
dhist Books,” J, Indian and Buddhist Studies, 
1956, 1: 18-27, kindly translated from the 
Japanese for me by Professor Shoren Ihara of 
Kyushu University, Fukuoka, Japan. 

14 For the Achemenid influence on art in 
Mauryan India, see, for example, R. E. M. 
Wheeler in Ancient India, 1948, 4: 92-101 and 
the appendix by Stuart Piggott, ibid., pp. 101- 
103. . 

τὸ The Jyotisavediiga of the Yajurveda 
and of the Rgveda with the commentary of 
Somikara on the former were published by 


and translation of the text belonging to the 
Rgveda by R. Shamasastry, Mysore, 1936. 

16 Kautaliyarthasastra 2, 20, ed. N. 8. Ven- 
katanathacharya, Oriental Res. Inst. Sanskrit 
Series 103, Mysore, 1960. 

17 Ed. J. F. Kohl, Bonner Orientalistische 
Studien 20, Stuttgart, 1937; 10, 22 et passim. 

18 Quoted by Somakara on Jyotisavedaniga 10. 

19 Summarized by Varahamihira in chap. 12 
of his Paficasiddhantika, ed. G. Thibaut and 
S. Dvivedi, Benares, 1889; reprinted Lahore, 
1930. See also M. P. Kharegat, J. Bombay 
Branch of the Roy. Asiatic Soc., 1896, 19: 109- 
141. 

20 See Neugebauer, ACT, vol. 1, p. 40. De- 
spite Kane, op. cit., pp. 62 ff., it cannot be said 
that the tithi was conceived of as a thirtieth 
of a synodic month before Lagadha. 
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In their methods of measuring the time of day, the Indians of this early 
period also showed a knowledge of what the Babylonians had devised.” 
One method depends on the length of the shadow cast by a Saiku or gnomon. 
This shadow, of course, varies during any half-day with the changing altitude 
of the sun; it also varies from day to day throughout a half-year as the sun 
travels along the ecliptic. In tabulating the increase and decrease of the 
noon-shadow throughout the year, the Indians employed a linear zigzag 
system which is clearly of Babylonian origin. But, more than this, they used 
3:2 as the ratio of the longest to the shortest day of the year, a well-known 
Babylonian parameter δ which is not applicable to any part of India except 
the extreme Northwest.?* The other Indian method of telling time, by 
means of a ghata, or pot with a small hole in the bottom through which 
water flows at a fixed rate, is also known to have been employed in Babylon.** 
In connection with the Saiku it may be added that if one can believe their 
claims as recorded by Eratosthenes and Hipparchus via Strabo,** both Megas- 
thenes and Daimachus, the Seleucid ambassadors at the Mauryan capital, 
Pataliputra or Palibothra, made gnomon-observations in India. 

Babylonian influence in astrology was equally great; in fact, the planets 
first appear in Indian literature because of it. Venus is mentioned as the 
‘ Star of Plants’? (Osadhitaraka) in an early Buddhist text, the Majjhimani- 
kaya; ὁ and Kautilya asserts that the sun, and Jupiter and Venus in their 
risings, settings, and stations, cooperate in furthering the growth of plants. 
The ‘heliacal risings and settings of the planets and their stationary points 
are the so-called Greek-letter phenomena upon which the structure of 


Babylonian linear planetary theory is based. 

In the Indian epics, the Ramayana and the Mahabharata, the planets 
also appear in an astrological context, their influence depending on their 
conjunctions with the constellations, on their retrogressions, and on their 


transits.*° This type of astrology is termed gocara; it is mentioned in a 


25 Strabo 2 C 
1903. 


21 For the early Indian techniques of telling 76-77, ed. A. Meineke, Leipzig, 
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22 See O. Neugebauer, Osiris, 
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erences from the Arthashastra and their Sig- 
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The Rosary of Indology, vol. 2, Hoshiarpur, 
1950, pp. 226-229. 

3240. Neugebauer, “Studies in Ancient As- 
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Astronomy,” Isis, 1947, 37: 37-43. 
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Dicks, The Geographical Fragments of Hip- 
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184 (with Onesicritus), ed. C. Mayhoff, Leip- 
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pella 6, 694, ed. A. Dick, Leipzig, 1925, Pom- 
ponius Mela 8, 61, ed. C. Frick, Leipzig, 1880, 
and Solinus 52, 13, ed. T. Mommsen, 2nd ed., 
1895, reprinted Berlin, 1958. 
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27 Arthasastra 2, 24. 

38 Kane, op. cit., pp. 531-532. 
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Buddhist anti-caste tract, the Sarddlakarnavadana,”® which was probably 
written in the first century a. Ὁ. and is described in detail in the Gargasam- 
hita *° and in the sixth-century Brhatsamhita of Varahamihira.** It repre- 
sents an earlier stage of planetary astrology than does Hellenistic horoscopy; 
in fact, it is a method familiar from the reports of the astrologers of Babylon 
and Ninevah.*? From a Babylonian source also comes the order in which 
the celestial bodies are named in the early second-century Nasik cave- 
inscription set up by his mother in honor of Gautamiputra Satakarni ** and 
in a common Pauranika passage; ** according to these sources the sun and 
moon precede the five star-planets.** There is no hint, however, that the 
Indians had learned a method of computing planetary positions in this 
period. 

I have mentioned previously the Saka or Scythian invasions of North 
India; it is necessary now to return to them. A family of Sakas, the Ksahara- 
tas, established a kingdom in western India at the beginning of the first 
century A.p.*° Their capital was Minanagara,*’ but their source of wealth, 
Bhrgukaccha, the modern Broach, was one of the main emporia for the 
brisk trade between India and the Mediterranean; it was known to the 
Greeks by the name Barygaza.** The Periplus maris Erythraei, a document 
written between 60 and 80 a.p., mentions the Ksaharata king Nahapana,*® 
whose riches are extolled in Jaina traditions and proved by the vast hoard 


29 ΡΟ 31 Mukhopadhyaya. 

80 Quoted by Bhattotpala on Brhatsamhita 
4 and 6-10, ed. 8. Dvivedi, Vizianagram Sanskrit 
Series 10, 2 vols., Benares, 1895-1897. This sub- 
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darkar Oriental Research Institute, MS G 8199 
of the Asiatic Society of Bengal, Calcutta, MS 
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College, Benares, and MS fonds sanscrit 245 (1) 
of the Bibliotheque Nationale, Paris. 

81 Chaps. 4 and 6-10, 

82 See R. C. Thompson, The Reports of the 
Magicians and Astrologers of Ninevah and 
Babylon in the British Museum, London, 1900, 
passim. 

88 Ἐᾷ, E, Senart, Epigraphia Indica, 1905- 
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84 See J. F. Fleet, ‘ A Note on the Puranas,” 
J. Roy. Asiatic Soc., 1912, 1046-1053 (hereafter 
JRAS), and “The Purdnic Order of the 
Planets,” JRAS, 1913, 384-385; and W. Kirfel, 
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alistische Studien, NS 1, Bonn, 1954, p. 278. 
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padhyaya, The Sakas in India, Visva-Bharati 
Studies “|! Santiniketan, 1955, and J. N. Baner- 
jea in “hy ohenstve History of India, vol. 


2, ed. K. A. Nilakanta Sastri, Bombay-Calcutta- 
Madras, 1957, chap. 9. 

37 Periplus maris Erythraei 41 (Muvaydpa), 
ed. H. Frisk, Géteborgs Hégskolas Arsskrift 33, 
Goteborg, 1927, and Ptolemy, Geography 7, 1, 
63 (Μινάγαρα), ed. L. Renou, La Géographie 
de Ptolémée: L’Inde (VII, 1-4), Paris, 1925. 
There are also two other Scythian cities called 
“City of the Minas”; one, in Seistan, is men- 
tioned by Isidore of Charax 18 (Δὲν πόλις), 
ed. W. H. Schoff, Philadelphia, 1914, and the 
other, near the mouth of the Indus, in Periplus 
38 (Mivvaydp) and in Ptolemy 7, 1, 61 (Bua- 
γάρα). 

88 On this trade, see now M. FP. Charlesworth, 
“Roman Trade with India: A  Resurvey,” 
Studies in Roman Economic and Social History 
in Honor of Allan Chester Johnsen, Princeton, 
1951, pp. 131-143, and U. N. Ghoshal in A 
Comprehensive History of India, vol. 2, pp. 
439-446. 

#9 The date of the Periplus and the reference 
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of 14,000 silver coins found at Jogalthembi. This wealth depended largely 
on the Roman trade. The Sakas exported, besides many other articles, 
Chinese silk carried across Central Asia, through Kusana territory down the 
Indus, across to Ujjain, and down the Narmada valley to Broach. In return 
they received, along with other useful products of Roman industry, dancing- 
girls and jugs of wine. In innumerable sites in Gujarat, Saurastra, and 
northern Maharastra there have been unearthed fragments of Roman pottery 
and its imitations, copies of Roman bullae, Roman beads, and Roman 
statuettes, all of which date from the first to fourth centuries a. p.*° A large 
number of inscriptions of the first and second centuries found in the 
Buddhist caves along the trade-routes of the western Ghats record the 
donations of the Yavanas, or Greeks of Dhenukakata.‘! Indeed, one can 
date the Greek settlement in the area back to Mauryan times if one is 
willing to accept as sufficient evidence the Junagadh inscription which 
mentions the Yavanardaja ‘Tusaspa, who was Asoka’s governor of Kathiawad.*# 
It does not seem likely, however, despite Tarn’s strenuous efforts,** that 
the Greek kingdom of Demetrius and Menander ever extended this far 
south, though Greeks from Gandhara may well have made commercial 
trips to Bhrgukaccha and Ujjain and augmented the Yavana community 
in Gujarat. Ptolemy's source was perhaps. taking note of the Greek settle- 
ments when he placed towns with such un-Indian names as Byzantion on 
the coast below Barygaza.** 

By Ptolemy’s time, however, the Ksaharata dynasty had been overthrown 
by the Satavahana Gautamitputra Satakarni,*® whom we have had occasion 
to mention before, and he in turn had succumbed to a new Saka dynasty, 
the western Ksatrapas, in Gujarat and Saurastra. ‘The greatest of the Ksa- 
trapas was Rudradaman I, who ruled from about 130 to about 160 a. ἡ. 
His empire at one time extended over most of Central India, stretching 
as far as Kausambi in the North and Kaliiiga in the East.4° His capital was 
Ujjain, which for this reason became the Greenwich of Indian astronomers 
and the Arin of the Arabic and Latin astronomical treatises; for it was he 
and his successors who encouraged the introduction of Greek horoscopy 
and astronomy into India. 

In 150 a. p. Yavanesvara, the Lord of the Greeks, translated into Sanskrit 
prose a Greek astrological text which had been written in Alexandria in 
the preceding half-century. This translation is now lost, but there is pre- 


40See Appendix 1 for the beginning of a — 4° See fn. 33. The inscription associates the 
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served in an early thirteenth-century palm-leaf manuscript in Kathmandu ** 
a versification of it made in 270 by the Yavanaraja Sphujidhvaja. In the 
second century another Greek text on the same subject was translated into 
Sanskrit; this text and YavaneSsvara’s were both used by a third-century 
author named Satya. Unfortunately, the second translation from the Greek 
is lost, and Satya’s work is known only from the citations of later astrologers 
and in what appears to be a fairly recent forgery. However, there has sur- 
vived a work based on both Sphujidhvaja and Satya; this is the Vrddhaya- 
vanajataka of Minaraja.** 

The name Minaraja connects its owner with the Minas whom we have 
already come across in Minanagara, the Ksaharata capital. Two other 
Minanagaras are known, and they also are Scythian cities. Minaraja, then, 
must have been a Saka. But he also calls himself the Yavanaraja, or King of 
the Greeks, a title used by Tusaspa, YavaneSvara, and Sphujidhvaja. One 
can now also cite an early fourth-century inscription discovered at Nagar- 
junakonda *? which mentions the Saka of Ujjain, Rudradaman II (c. 38 -- 
c. 345), and the Yavanaraja of Safijayapuri (Safijayapuri is probably the same 
as Safijayanti, the modern Safijan near Bombay, which Ptolemy, who in- 
cluded it within the kingdom of the western Ksatrapas, calls Sazantion).°° 
Yavanaraja, then, was an official title in the Saka administration. As the 
Sakas were overthrown by Candragupta II shortly after 389,°* and as the 
Vrddhayavanajataka copies many Slokas from Sphujidhvaja, it is safe to date 
Minaraja in the early fourth century; and we have recovered two astrological 
poems presenting almost purely Greek horoscopy in Sanskrit. 

Indian genethlialogy is largely dependent on the teachings of Yavanesvara 
and Satya, though elaborations have been indulged in from time to time; 
and it, in turn, has influenced Sasanian, Arabic, Byzantine, and western 
European astrology. But it is more important for our present purpose to 
examine the planetary theory given at the end of Sphujidhvaja’s Yavanajataka 
than the spread of the science of astrology. The system and the parameters 
in this planetary theory are precisely identical with those found on cuneiform 
tablets of the Seleucid period. It is clear, then, that Babylonian linear 
astronomy was transmitted to India by the Greeks.*? Normally, of course, 
Greek astronomical texts are devoid of these methods; but van der Waerden 
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and Neugebauer have shown that the Babylonian linear system lies behind 
the so-called Egyptian Eternal Tables ** and appears in an astrological text 
ascribed to the late fifth-century author Heliodorus ἢ (van der Waerden’s 
claim to have found more than a few Babylonian parameters in the Thesauri 
of the sixth-century astrologer Rhetorius of Egypt ** cannot be accepted) . 
We may conclude, therefore, that at least some Greek astrologers ignored 
the epicyclic and eccentric theories developed by Apollonius, Hipparchus, 
and Ptolemy, and adhered to the Babylonian methods; and the Greek who 
wrote the original of the Yavanajataka in Alexandria between 100 and 150 
A.D. was one such astrologer. 

Sphujidhvaja mentions the work of the sage Vasistha; and it is likely 
that from the Vasisthasiddhanta are derived the first fifty-six verses of the 
eighteenth book of Varahamihira’s Pancasiddhantika, which contain another 
Sanskrit version of Babylonian linear planetary theory. The second book 
of the Paficasiddhantika contains a summary of the solar and lunar theories 
of the Vasisthasamasasiddhanta.** The lunar theory is based on two well- 
known Babylonian period relations, which also occur in Greek papyri of 
the second and third centuries A. p.*7 — the equivalence of nine anomalistic 
months to 248 days and that of 110 anomalistic months to 3031 days. These 
same two period relations are found in the Paulisasiddhanta ** and in the 
thirteenth-century Candravakyas of Vararuci,®* while the second appears in 


58 For the Eternal Tables themselves, see 
O. Neugebauer, Egyptian Planetary Texts, 
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the Romakasiddhanta © and in the Uttarakhanda of Brahmagupta’s Khan- 
dakhadyaka.*t The Vasisthasamasasiddhanta computes the true longitude 
of the moon according to a Babylonian linear zigzag system; and a linear 
system is the basis of Vasistha’s solar theory, as it also is of Paulisa’s. ‘Vhere- 
fore, it is apparent that the earliest form of astronomy introduced into 
India by the Greeks was entirely Babylonian in origin. 

Greek epicyclic theory soon followed, however, and probably under the 
patronage of the same Saka dynasty of Ujjain. If the last verses of the last 
chapter of the Pancasiddhantika are in fact based on the Paulisasiddhanta, 
then Pulisa — who, despite Birdni,*? has nothing to do with the fourth- 
century astrologer Paulus of Alexandria “ὃ — gives the same values for the 
mean synodic arcs of the planets as appear in cuneiform tablets.** But 
Pulisa computed solar longitude according to the epicyclic theory,® and he 
included in his siddhanta all of the trigonometry necessary for the solution 
of problems in epicyclic astronomy, including a table of sines derived from 


the Greek table of chords.® 


Later in the fourth century, probably not long after the Paulisasiddhanta, 
was written the Romakasiddhanta,*’ whose name betrays its origin. That 
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origin is also revealed by the fact that the Romaka gives a luni-solar cycle 
of 2850 years,** which is equivalent to the Metonic cycle of 19 years multi- 
plied by 150 so that its tropical year may be equal to Hipparchus’, or 365 
days plus 1/4 minus 1/300. And whereas Pulisa seems to have used an 
epicyclic model only for the sun, the Romaka applies this method to both 
luminaries.*? Nothing is known of its planetary theory. 

Both of these texts were probably based on translations from the Greek 
made under the patronage of the Ksatrapas of Ujjain. That dynasty, how- 
ever, became greatly weakened towards the end of the fourth century, and 
a new nationalistic state, the Gupta Empire, gained the hegemony of North 
India. It is an attractive hypothesis to suppose that the court of Samudra- 
gupta or of Candragupta 11 9 encouraged an important development in 
Indian astronomy, the merging of two concepts of foreign origin into a new 
theory of planetary motion. To understand what was achieved we must 
briefly consider the kalpa. 

A kalpa is a period of 4,320,000,000 years; 72,000 of these kalpas or 
311,040,000,000,000 years constitute the life of Brahma. Each kalpa is di- 
vided into 1000 equal parts called mahayugas, which are 4,320,000 years 
apiece, and each mahayuga contains four smaller yugas which are in the 
ratios to each other of 4:3, 3:2, and 2:1. The last yuga, then, the kaliyuga, 
s 1/10 mahayuga, or 432,000 years. This is a Babylonian number: sexa- 
gesimally it would be written 2,0,0,0. It is the span of time given to the 
Babylonian kingdom before the Flood in the histories of Berossos ™ and 
Abydenus.’? It seems likely that it should have become known as a signifi- 
cant number in India at the time when other Babylonian influences were 
being felt, that is, during the Achemenid occupation of the Indus Valley. 
In fact, the kalpa appears with an eschatological connotation in the fourth 
and fifth Rock Edicts of Asoka ** and in the Dighanikaya.** However, the 
first text to describe the kalpa precisely as I have just done was a pre- -second- 
century work which was the common source ** of a passage Occurring in the 
twelfth book of the Mahabharata *° and in the first book of the Manusmrti.™ 
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This kalpa of ultimately Babylonian origin was combined by Indian 
astronomers of the late fourth or early fifth centuries with Greek epicyclic 
theory. The mean motions of the planets can be described in terms of an 
integer number of revolutions within a given period as long as that period 
is fairly long; obviously the kalpa and the mahayuga were ideally suited for 
such a use. But a shorter period, 1/24 mahayuga, or 180,000 years, was 
employed also. This was the yuga which seems to have been the basis of 
the system of the original Old Stryasiddhanta,** a work known to us now 
only through Varahamihira’s summary of the recension made by Latadeva 
in 505 a.v.” The beginning of the yuga was taken to be a mean conjunc- 
tion of all the planets at Aries 0° at midnight between 17 and 18 February 
—3101. 

The period of 180,000 years, however, was not long enough to permit 
the use of very accurate parameters. The mahayuga was somewhat better, 
though not as good as might be expected. For the mean conjunction in 
—3101 was taken to mark the beginning of the last and smallest yuga, the 
kaliyuga of only 432,000 years. Since the mahayuga itself had to begin with 
a similar conjunction, one was forced to fit the parameters into a period 
only 1/10 as long as the whole yuga in order that the conjunction of the 
beginning of the kaliyuga might in fact take place. Practically speaking, 
then, one had a period only 2 2/5 as long as 180,000 years rather than one 
24 times as long. Aryabhata in 499 solved this problem in part by making 
the four yugas within the mahayuga equal; *° this gave him an effective 
period of 1,080,000 years. But this defiance of tradition was not welcomed 
by many in India. 

However, even before Aryabhata astronomers had realized the advantages 
of working with a kalpa,*' despite the enormous numbers with which one 
had to compute. That the parameters could be further refined was perhaps 
not as decisive a factor in their choice of the longer period as the fact that its 
length allowed one to begin the system with a true conjunction rather than 
with the mean conjunction which the original Old Stiryasiddhanta and 
Aryabhata had to accept. For the kalpa gave one enough time to pull the 
apogees back to the beginning of the zodiac and to endow them with such 
a slow motion that they would have reached their proper positions in the 
fifth century A. D. 

The Indians of the Gupta Age, therefore, seem to have been the origina- 
tors of the yuga-system of astronomy and to have developed variants em- 
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ploying periods of 180,000, 4,320,000, and 4,320,000,000 years. ‘The elements 
which they used were admittedly of Greek and Babylonian derivation, but 
only they had the necessary theoretical knowledge and the inspiration. 


Our subsequent remarks will indicate the absence of any evidence for 
much knowledge or inspiration in Sasanian astronomy. But first it is neces- 
sary to mention an intriguing community in India which was, I believe, 
the only post-Achemenid group of Iranians who were ΠῚ a position histori- 
cally to ‘influence the development of Indian astronomy and astrology before 
the Muslim invasions. The Pahlavas, who had established kingdoms in 
northwestern India in the first century B.c., left descendants who became 
integrated into Hindu society as a special class of Brahmanas, the Maga 
Brahmanas; *? the great sixth-century astrologer Varahamihira was one of 
their number.** They are known from various reports, all of which portray 
them as good Hindus whose only idiosyncrasy was an inordinate devotion 
to the sun. But the important fact about these Magi is that they seem to 
have had no contact with Iran after the first century a. Ὁ., and no one would 
suggest that the Pahlavas knew of yuga astronomy.** 


In fact, virtually nothing is known of the astronomy and astrology of pre- 
Sasanian Iran. ‘here was indeed a Greek astrological text of the second cen- 
tury B.C. ascribed to Zoroaster of which fragments are preserved by Proclus 
and the Geoponica; ®> the material with which it deals is overwhelmingly 
Babylonian.®* But there is reason to believe that it is the product of the 
Magusaeans of Asia Minor and in no way reflects scientific knowledge in 
Iran. However, we have seen before that certain Babylonian astronomical 
and astrological theories were transmitted to India during the Achemenid 
occupation of the Indus Valley; it is difficult to believe that the Persians 
were not exposed to the same influences as their remote vassals in India. 
In fact, a linear shadow text which may be an echo of this influence is 
preserved in the ninth-century Pahlavi Shayast La-shayast.*’ 

We have previously mentioned the fact that Buddhists introduced nak- 
satra astrology into Iran and Central Asia. The Sardtlakarnavadana, which 
contains a thorough exposition of this system, was extremely popular in this 
area. It was summarized in Chinese by the Parthian prince An Shih-kao 
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in the second century a. p.°* and fully translated twice in the third.*®? A 
long fragment of the Sanskrit text written in about 500 a. D. was among the 


Weber manuscripts found south of Yarkand,*° and fragments of fifth-century 
manuscripts of the Mahamiaytrividyarajfi, which also deals with naksatra 
astrology to some extent, are preserved among the Bower and Petrovski 
manuscripts from Kashgar.*t To reach these places the texts most probably 
passed through Buddhist communities in the eastern provinces of the 
Sasanian Empire; and one finds the remains of this Buddhist influence in 
the second chapter of the Bundahishn, where the twenty-eight naksatras 
are listed with Persian names.®? Also connected with this type of astrology 
perhaps is the theory that the moon is the bestower of all benefits upon 
mankind, which is mentioned in the ninth-century Dadistan-i Dinik.® 


Perhaps, if Tabari’s story is not entirely fictitious, the “ goodness of birth’ 


> 


which the astrologers observed for the first Ardashir δὲ was the presence 
of the moon in an auspicious naksatra. One might also suggest that Firddsi’s 
frequent references to the good or bad achrat or constellation of an indi- 
vidual 55 are to be interpreted in a similar way. 


However, trustworthy knowledge of Iranian astronomy and astrology is 
non-existent before the reign of Shapfr I (240-270). He encouraged the 
spread of Greek and Indian science within his realm.** ‘The hexameters 
of the first-century astrologer Dorotheus of Sidon, preserved only in frag- 
ments in Greek, were translated into Pahlavi under Shaptr; we now have 
a late eighth-century Arabic translation of this Pahlavi version made by 
‘Umar ibn Farrukhan.** From this it is clear that the original third-century 
Pahlavi version was revised at the end of the fourth or the beginning of the 
fifth century, and some Indian theories were added — in particular, that of 
the navaméSas or ninths of a sign. This mixture of Greek and Indian material 
is characteristic of the Sasanians; it is found also in the fragments of an 
Arabic translation of the Pahlavi version of the Anthologies of the second- 
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fessor Kennedy in a manuscript in the British Museum.®* Birtini says that 
this Pahlavi work is one of the main sources of Abt Ma‘shar’s Magnus Intro- 
ductorius.*® ‘The same British Museum manuscript preserves parts of an 
Arabic version of the Pahlavi translation of ‘Teucer of Babylon. 

We do not know so much of the study of astronomy under Shapdar, 
though it does seem that Ptolemy's Syntaxis was one of the Greek works 
translated in this period.’ It has sometimes been supposed that Shapur’s 
foundation at Jundi-Shapdr included an observatory, but no observations 
are known to have been made there in pre-Islamic times.‘ 

At some point in early Sasanian history, however, an official astronomical 
work was compiled, the Zij-i Shah.°? This, as we know from Birtini, was 
revised under Khusrau I (531-579) ,1°* another ruler who encouraged Greek 
or Greco-Syrian and Indian scholars in Iran. At present the various versions 
are known very imperfectly in the citations of the early Islamic astronomers 
and astrologers; but from these fragments Professor Kennedy has been able 
to demonstrate that this 21] contains parameters from the Arddharatrika οὐ 
Midnight system of Aryabhata, which is the same as that of the Old Siarya- 
siddhanta of Latadeva and the Khandakhadyaka of Brahmagupta. It has 
also been possible to show that a series of horoscopes of the vernal equinoxes 
of the first regnal years of the Sasanian kings, probably due to the ninth- 
century astrologer from Balkh, Aba Ma‘shar, was computed by means of the 
planetary theory of the Old Stryasiddhanta.*** Another possible influence 
which this text may have had is on a Zoroastrian doctrine preserved in the 
Greater Bundahishn and in the Shikandgtimanik vijar. These works state 
that the planets are bound by chords to the chariot of the sun. Birini, 
in his book On ‘Transits, also attributes this theory to the Persians.1° A 
similar idea appears in a Manichaean text from Turfan? and in the 
seventh- or eighth-century Mandaean Ginza.1** The modern Stryasiddhanta, 
which is known to preserve many of the theories of its similarly named 
predecessors, explains the anomalies in planetary motion by the activities 
of demons stationed at the sun, the apogees, and the nodes, who pull the 
planets along by chords of wind.’ ‘The Sasanian concept would appear to 
be a reflection of the Indian. Therefore, either the Old Siiryasiddhanta 
itself or a very similar text must have been translated into Pahlavi, perhaps 
under Khusrau. 


Sanskrit astrological works were also popular in Iran. The early Islamic 
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astrologers — many of whom were Persians — incorporated numerous Indian 
theories into their books, and most of these must have reached them through 
Pahlavi texts. Of course, there were direct translations from Sanskrit into 
Arabic made in the eighth century, but these seem to have been mainly of 
astronomical works, such as the Brahmasphutasiddhanta and the Khandakhad- 
yaka of Brahmagupta; BirQini says that in his time no Sanskrit astrological 
treatises had been translated into Arabic."° The Indo-Iranian astrology of 
these early Islamic authors reached Byzantium at the end of the eighth 
century in the works of pseudo-Stephanus of Alexandria and of ‘Theophilus 
of Edessa; more was translated into Greek in the Comnenan period, the 
late eleventh and twelfth centuries.1' It arrived in the Latin West in the 
twelfth and following centuries. These translations are useful because of 
their preservation of texts which sometimes have been lost in the original 
Arabic. 

The most important of the transmitters of Indo-Iranian astrology was 
Abti Ma‘shar. In his Book of the Thousands, epitomized by al-Sijzi in the 
late tenth century,** he gave a yuga-system of astronomy which he called 
the ‘Thousands of the Persians. ‘The mean motions of the planets in this 
system are preserved in Birtni’s Book of Instruction in the Elements of the 
Art of Astrology.*** The period used is 360,000 years, in the middle of 
which —on 17 February -3101 — occurred the mean conjunction of the 
planets at Aries 0°, which, for the Indians, marks the beginning of kaliyuga; 
Abti Ma'shar interprets it as the indicator of the Flood. 

To date the Flood in -3101 is rather strange. But one is not at a loss to 
explain it. In his Book of Conjunctions Aba Ma‘shar says that this date 
was proposed by someone whose name, corruptly preserved in Arabic, may 
be Abydenus.*** Abydenus, it may be remembered, was one of those Greek 
historians who placed the Babylonian kingdom of 432,000 years’ duration 
before the Flood; and this 432,000 years is the length of the kaliyuga which 
begins in -3101. Someone aware of both Abydenus’ Flood story and the 
astronomical date of the beginning of kaliyuga has rather sloppily combined 
the two traditions. As Birfini remarks, the Persians did not usually believe 
in the Flood; but there were some who did accept it, confining its effective- 
ness to western Asia.‘ It is surely these Persians whom one must suspect 
of dating the Flood in -3101, for they occupied the ground, quite literally, 
between the two ideas which were synthesized. ‘This interpretation agrees 
with Birtini’s statement in the India that Ab Ma‘shar’s date for the Flood 
was derived from the Hindu kalpa-theory.*** 
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In any case, -3101 cannot be a Greek date for the Flood. ‘The only known 
astrological Flood-theory in Greece is that derived from Berossos’ Babyloni- 
aka, according to which a conjunction of all the planets in Cancer produces 
an ecpyrosis, or conflagration, whereas a conjunction in Capricorn causes 
a kataklysmos, or flood.’ The choice of Cancer and Capricorn is clearly 
due to a desire to connect the world-year with the summer and winter 
solstices. In this tradition the Aries conjunction of -3101 is meaningless. 


But it is also contrary to astrological theory. The zodiac is divided into 
four triplicities, which are connected with the four elements. The first 
consists of Aries, Leo, and Sagittarius, and is fiery; the second of Taurus, 
Virgo, and Capricorn, and is earthy; the third of Gemini, Libra, and 
Aquarius, and is airy; and the last of Cancer, Scorpio, and Pisces, and is 
watery. The conjunction of -3101 occurs in a fiery triplicity and astrologically 
must indicate, if anything, a conflagration, not a flood. The latter can take 
place only when there is a conjunction in a watery triplicity. This was 
recognized by Abi Ma‘shar’s predecessor, Masha‘allah, who dated the Flood 
in -3300 115 because in that year occurred a Saturn-Jupiter conjunction in 
Cancer, the first sign of the watery triplicity; and Masha‘allah expressly 
states that he is using the Zij-i Shah, Cancer is also connected with the Flood 
in the Pahlavi Bundahishn.??® 

As has been said before, AbQ Ma‘shar’s yuga is 360,000 years split in half 
by the Flood; in other words, the 180,000 years of the original Old Sarya- 
siddhanta. In fact, the parameters which Aba Ma‘shar gives for the moon, 
Mars, Venus, and Mercury — if one corrects the last by one — are exactly 
one-twelfth of those in the Old Saryasiddhanta of Latadeva. But the para- 
meter for Saturn is one-twelfth of that in the Somasiddhanta, the Brahma- 
siddhantaof the Sakalyasamhita, the Vrddhavasisthasiddhanta, and the modern 
Saryasiddhanta; and that for Jupiter is one-twelfth of what appears in the 
Aryabhatiya.’*° ‘Therefore, the so-called ‘Thousands of the Persians is really 
an eclectic Indian system. Abt Ma'‘shar, of course, probably found it in 
some Pahlavi text or Arabic translation thereof; but I think its ultimate 
origin is now clear. In the On ‘Transits, Birani recognizes that the equations 
in ‘Abi Ma‘shar’s zij were taken from the Zij-i Shah, which had got them 
from an Indian source.**! 


That Aba Ma'shar is extremely unreliable in what he reports, moreover, 
can easily be shown from a statement of his which Birdni has preserved in 
his Chronology of the Ancient Nations.'** There he asserts that, using the 
system of the Persians, he has found that the planets are not in mean con- 
junction at Aries 0° at the time of the vernal equinox of -3101, but are 
scattered between Pisces 27° and Aries 1°. Abt Ma'shar is convicted of 
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lying by one glance at the parameters of his Thousands of the Persians. 
Those for the superior planets and the sun are all divisible by two, and as 
the conjunction of -3101 took place exactly in the middle of the yuga of 
360,000 years, they must all be at Aries 0° at that date; the mean positions 
of the inferior planets, of course, are identical with the mean sun. So Abii 
Ma‘shar’s statement is nonsense when referred to his Persian system; but its 
source, fortunately, is known. In the kalpa-system of the Brahmasphuta- 
siddhanta the mean planets are precisely between the limits set by Aba 
Ma‘shar at the beginning of kaliyuga. This fact was not unnoticed by the 
Indians; it is recorded in the Siddhantasekhara of the eleventh-century 
Sripati.‘*® It must have been part of the polemic addressed by the partisans 
of the mahayuga against those who preferred the kalpa. Abt’ Ma‘shar has 
stupidly used it as a criticism of a system for which it is totally irrelevant. 

So far nothing original has turned up in Sasanian astronomy and astrology, 
save for the fact that they synthesized Greek and Indian theories. However, 
we do know of one concept which seems definitely to be an Iranian innova- 
tion. This is the theory that history is the unfolding of the influences of 
periodically recurring Saturn-Jupiter conjunctions.’ 

Roughly, the idea behind astrological history is this. A Saturn-Jupiter 
conjunction takes place about every 20 years; a series will occur in the 
signs of one triplicity for about 240 years, that is twelve conjunctions; and 
they will have passed through the four triplicities and begin the cycle again 
after about 960 years. When they shift from one triplicity to another, they 
indicate events on the order of dynastic changes. The completion of a cycle 
of 960 years, which is mixed up with various millennial theories, causes 
revolutionary events such as the appearance of a major prophet. The 
ordinary course of politics is dependent on the horoscopes of the vernal 
equinoxes of the years in which the minor conjunctions within a triplicity 
take place. 

The tenth-century astrologer Ibn Hibinta preserves fragments of an 
astrological history written on this principle by Masha‘allah, and a Parisian 
manuscript of a compilation by al-Sijzi contains the horoscopes, but not 
the interpretations, for such a history written under Hardin al-Rashid, ΑἹ: 
Kindi and Aba Ma‘shar also wrote on these conjunctions, as did pseudo- 
Stephanus of Alexandria in Greek. 

A non-Greek doctrine such as that of the Saturn-Jupiter conjunctions, 
occurring in the works of the early Islamic astrologers, may be assumed 
to have an Iranian origin. But there is more substantial evidence of the 
theory's Sasanian background; Ibn Khaldun says that Khusrau’s famous 
minister, Buzurjmibr, was familiar with the method, and he cites from 
Jirash as an authority on the subject an astrologer with the obviously Iranian 
name of Hurmuzdatrid. 

Astrological history by Saturn-Jupiter conjunctions, then, is the main, 


123 Siddhdntagekhara 2, 52-53, ed. Babuaji subject is dealt with more extensively and the 
Misra, 2 pts., Calcutta, 1932-1947. appropriate references will be found. 
124 See my paper cited in fn. 104, where the 
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if not the only, Sasanian contribution to astronomy or astrology. Since, 
through the conjunction of -3101, it is closely linked with the yuga-system 
of astronomy, one would expect that any astronomer who learned the latter 
from the Sasanians would also have learned the former. But there is not 
a trace of the knowledge of these conjunctions in India. This l'take to be 
fairly conclusive evidence that Indian yuga-astronomy could not have been 
borrowed from Iran, but instead profoundly influenced Sasanian science. 
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PRECESSION AND TREPIDATION IN INDIAN ASTRONOMY 
BEFORE A.D. 1200 


DAVID PINGREE, Brown University 


The process by which various non-Ptolemaic elements of the Greek astro- 
nomical tradition were transmitted to India and were there transformed into 
the astronomy of the siddhdntas is a subject of complexity and of obscurity. 
Its elucidation, however, is of great historical importance, both for the under- 
standing it will afford us of the motivation for particular Indian solutions of 
problems in mathematical astronomy, and for the insight we will obtain from 
it into those areas of Hellenistic astronomy that, being almost totally eclipsed 
in Greek by the brilliance of Ptolemy’s A/magest, can be discerned, though 
dimly, in the poetry of jyotihsdstra. The present paper contains an investigation 
into one aspect of this process, that in which the ideas both of the precession 
and of the trepidation of the equinoxes were introduced into India and there 
interpreted in terms of an older Indian tradition of the position of the solstices 
relative to the naksatras and in other ways. This example, like that of the 
planetary model previously discussed in this journal (11 (1971), 80-85), beautifully 
illustrates the failure of the Greeks to communicate and of the Indians to grasp 
the full significance of the concepts transmitted. 


The Jyotisavedanga! of Lagadha (5/4th century B.c.?) states (Arca 6 = 
Yajusa 7): “The Sun and the Moon begin their northern [course] at the begin- 
ning of Sravistha [Dhanistha]; the southern [course] of the Sun [begins] in the 
middle of Sarpa [Aslesa]. [The beginnings of these two courses occur] always in 
[the months] Magha and Sravana [respectively].”” One also finds this scheme 
in, for example, the Pardsaratantra cited by Utpala (A.D. 966) on the Brhat- 
samhitad? of Varahamihira (ca A.D. 550). 

By the time of Varahamihira a fixed sidereal zodiac was in use in India.* In 
this zodiac the beginning of Aries was identified with the beginning of the 
naksatra ASsvini; in the fifth and sixth centuries the beginning of Aries was 
further said to be the point of the vernal equinox. Varahamihira recognized 
the discrepancy with the statement of Lagadha (Brhatsamhita 3, 1-2): 


Once, according to what is said in ancient treatises, the southern ayana of 
the Sun was from the middle of Aslesi, and the northern began with 
Dhanistha. Now [one] ayana of the Sun begins at the beginning of Cancer, 
the other at the beginning of Capricorn. This is a negation of what was 
said; the difference is made manifest by direct observations. 


In his Paficasiddhdntika‘’ (3, 20-2) Varahamihira explains this change by a 
theory of trepidation over an arc of 46;40°—23;20° (identified with the Sun’s 
maximum declination) to either side of the equinox: 


When the sum [of the longitudes] of the Sun and Moon is a revolution, it 
is called Vaidhrta [yoga]; but if it is a revolution plus 10 naksatras [133 ;20°], 
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Vyatipata. The time is to be ascertained by means of the degrees attained 
[by the luminaries]. When the return of the Sun was from the middle of 
Ales [at 113;20°], then the ayana [-correction] was positive; now the 
ayana is from Punarvasu [at 90°]. When the falling away [from the mean 
position] of the ayana is reversed, then the correction [ksepa] for the Sun 
and Moon [equals] the degrees of the maximum declination [kastha] of the 
Sun [23;20°]. There is Vyatipata if the sum [of the longitudes] of the Sun 
and the Moon is 180°. 


This is the earliest datable reference to a theory of trepidation or precession 
in India; unfortunately no rate is given. A theory of trepidation was known to 
Theon of Alexandria (A.D. 361) and to Proclus (A.D. 410-485), and a theory of 
precession to Hipparchus (ca —126); Hipparchus’s length for a tropical year 
was used by Sphujidhvaja (A.D. 269/70) in his Yavanajdtaka (79, 34) and in the 
Romakasiddhanta summarized by Varahamihira in his Paftcasiddhantikd (1, 15 
and 8, 1). It is not unreasonable to suppose that the idea of trepidation or 
precession was introduced into India by the Greeks, though the parameters 
chosen by the Indians are their own, and that the arguments presented in favour 
of the hypothesis of a motion of the colures are derived from a particular inter- 
pretation of the Veddngajyotisa. This hypothesis of a Greek influence is 
strengthened by a passage quoted by Bhaskara (A.D. 629) in his commentary® 
on the Aryabhatiya of Aryabhata (A.D. 499): 

Here the Romakas [i.e., Romans], who do not know the ultimate purpose, 
read: ‘The sages say that an ayana [begins] from the beginning of Vasudeva 
(Dhanistha] [and another] from the middle of Sarpa [Asles&], whereas it is 
observed [that they begin] from the beginnings of Capricorn and Cancer. 
How can this be without a motion [of the solstices]?’ 

Several of these sources and some new ones, including Manindha,® are cited 
by Govindasvamin (ca A.D. 850) in his commentary on the Uttarakhanda 
(2, 210-254) of Parasara’s Hordsdstra’ (ca A.D. 650/750): 

The motion of the ayana has been described by former teachers. In this 
[matter] Manindha [says]: ‘Hence the planets move “up” from the prime 
vertical [= equinoctial colure] 27° in 1800 years’. [It is said] by Strya 
[Suryasiddhanta 3, 9a—b]: ‘The circle of the constellations lags to the east 
600 [times] in a [Maha-]yuga’. On the other hand Bhaskaracarya, who 
completely adheres to the opinion of Aryabhata, says [as shown above, he 
attributes this to the Romakas]: “The sages say that an ayana [begins] from 
the beginning of Vasudeva [Dhanistha] [and another] from the middle of 
Sarpa [Aslesa). And Varahamihira [Brhatsamhitd 3, 1a—b]: ‘The southern 
ayana of the Sun was from the middle of Aéglesa, and the northern began — 
with Dhanistha’. In this [matter] Haridatta® [A.D. 684] [says]: “They are 
24°; the planets move from that’. The meaning of ‘from that’ is ‘from the 
ecliptic’. 

Govindasvamin goes on to explain these obscure passages in terms of two 
schools advocating different rates and arcs of trepidation: 


This is what was said. There is one opinion of Aryabhatacarya and so on, 
another opinion of Manindha, Sirya, and so on. Here Aryabhata and so 
on [say] that the fact that the [vernal] equinox was at the beginning of Aries 
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in Saka 444 [a.D. 522] is established by such instruments as the gnomon.® 
They determined that after this it moves [at the rate of] 0;1° in one year. 
So it moves ‘down’ 24°. Then one should add the minutes of trepidation. 
Afterwards it moves ‘up’. Then, subtracting 0;1° a year from 24°, one 
should add [the remainder]. 

The opinion of the Siryasiddhanta and so on [is this]. It moves ‘down’ 
27° in 1800 years. Then it moves ‘up’. In this [theory] this is the mathe- 
matical operation. In 1800 years 27° are obtained. One should operate 
with the given [years]. Divide the lapsed years of the Kaliyuga by 1800, 
multiply the remainder by 3, and divide [the product] by 200. [The result] 
is degrees, and the remainder is minutes. Or else divide the lapsed years 
of the Kaliyuga by 1800 and multiply the remainder by 54: these are 
seconds. It is to be known that in this school 0;0,54° represents the amount 
of trepidation of one year. It was shown by the previous commentator, 
Bhagadatta [ca A.D. 800], that this school is the better; this also is our 
tradition. Here it is to be understood that, if the quotient of the division 
by 1800 is an even number, the motion [οἵ trepidation] is ‘down’, and if 
it is odd, ‘up’. 

This opinion of Manindha or Manetho seems the older theory of trepidation. 
The arc of 27° approximates the 26;40° in the difference of two equal naksatras 
between the Vedic lists (of unequal naksatras) beginning with Krttika and the 
fixed sidereal zodiac beginning with ASsvini; the 26;40° is probably rounded 
off to 27° to reflect the number of naksatras and to provide nice parameters. 
For the vernal point is assumed to have coincided with the beginning of ASvini 
and of Aries at the beginning of the Kaliyuga in —3101 and again 3600 years 
later in A.D. 499; the second part of this assumption is very nearly correct. 
Then the Vedic naksatra-lists beginning with Krttika are explained by a pro- 
gressive motion of the vernal point to fixed Aries 27° (= fixed Krttika 0;20°) 
over half of this period, and a subsequent retrograde motion back to fixed 
Aries 0° over the second half; the retrograde motion continues at the same rate 
after A.D. 499 so that the trepidation will reach its limit at fixed Pisces 3° in 
A.D. 2299. The rate of trepidation, as Govindasvamin correctly remarks, is: 


eee 

1800 200% 
This, of course, is the rate of precession “established” by Yahya ibn Abi Mansir 
on the basis of an observation of the autumnal equinox that he made on 
19 September 830.19 


Govindasvamin correctly refers to the Siryasiddhanta as adhering to the 
opinion of Manindha; in the modern versions the relevant verses are (3, 9-10b)??: 


The circle of the constellations lags 600 [times] to the east in a [Maha-]yuga. 

Multiply this by the ahargana and divide [the product] by the civil days 

[in a Mahdyuga]. Multiply the resulting arc by three and divide [the 

product] by ten; the [resulting] degrees are to be known as the [amount of] 
trepidation. 

A total oscillation of the vernal point, including both the progressive and the 

retrograde motions, occurs in 7200 years over an arc of 108°. In a Mahayuga 


= 0;0,54°/¥. 
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of 4 320 000 years there are 600 such oscillations; and 108° is ὦ of 360°. 

A number of later texts follow this original version of Manindha’s trepidation: 
see, for example, Vrddhavasisthasiddhdnta (2, 36) and the Sdkalyasamhita’s 
Brahmasiddhdnta (1, 192 and 194).4* Some scholars, however, did advocate a 
modification of the parameters in the direction of a slowing down of the velocity 
of the trepidational motion. Thus Amaraja (ca Α.Ὁ. 1200) cites in his com- 
mentary! on the Khandakhadyaka (3, 11) of Brahmagupta (A.D. 665) a verse 
which he attributes to the Uttara, which is an appendix to the Khandakhddyaka 
expounding non-ardharatrika views: ‘““Add 3179 to the Saka-years and divide 
[the sum] by 7380; having added or subtracted [the quotient] from the beginning 
of the [fixed] zodiac, the degrees of declination north or south [are to be 
computed)’. 

The addition of 3179 to the epoch of the Saka era results in the epoch of the 
Kaliyuga, —3101, when the current oscillation is assumed to have begun. 
But division by 7380 instead of 7200 decreases the rate of trepidation by 
180/7200 or 1/40. Another result of such a division is to place the end of half 
an oscillation not at Kali 3600 (A.D. 499), but at Kali 3690 (A.D. 589). Amaraja’s 
further discussion shows that he understands this much; he states that there is 
no trepidation in Saka 511 (A.D. 589), but he assumes that the limit of trepi- 
dation is 24° from fixed Aries 0°, a value which is connected with the second 
opinion of Govindasvamin. 

araja goes on to explain wrongly several other passages which in fact 
utilize the 24°-limit and the rate of 0;1° per year. Thus, on a passage of the 
Karanakutithala in which Bhaskara (A.D. 1183) states that the trepidation in 
Saka 1105 was 11°, he remarks: ‘“‘Because it makes a ‘revolution’ in 7380 years, 
there are 585 336 ‘revolutions’ of the vernal point in a Kalpa [of 4 320 000 000 
years}. Indeed, 585 366 x 7380 = 4 320001 080, so that this number is 
nearly correct. Amaraja further explains Brhatsamhitd (3, 1-2) on the grounds 
that Varahamihira died in Saka 509 (A.D. 587), when the trepidation was nil. 

In the later Aryabhata’s (between ca a.D. 950 and 1100) Mahdsiddhanta® 
(1, 11-12) the ‘revolutions’ are numbered 578 159; this implies an oscillation 
in very nearly 7472 years. In his summary of the Pardsarasiddhdnta (2, 9), this 
Aryabhata gives the number of ‘revolutions’ as 581 709; this implies an oscilla- 
tion in about 74264 years. 

The second opinion Govindasvamin claims to belong to the school of 
Aryabhata!’? because of the verse cited from Bhaskara; but we have seen that 
Bhaskara quotes this with disapproval from the Romakas. Nevertheless, the 
opinion does belong to the school of Aryabhata, though the connection is 
through the date Saka 444 (a.p. 522) at which the vernal point was, according 
to Govindasvamin, demonstrated by means of a gnomon to be at fixed Aries 0°. 
The date seems rather to have been derived from a misunderstanding of a verse 
in the Aryabhatiya (Kalakriya 10): ‘‘When three quarters of a [Maha-]yuga and 
3600 years had passed, then 23 years from my birth here had passed’. This 
was quite early interpreted to mean that Aryabhata was born in Kali 3600 and 
wrote his Aryabhatiya in Kail 3623 or Saka 444.18 

Another parameter, however, is derived from the tradition preserved by 
Varahamihira in the verses of the Paficasiddhadntikd quoted above, and 
apparently belongs to the school of PauliSa, which was certainly strongly 
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influenced by Greek methods. Paulisa, noting the difference of 23;20° between 
the middle of fixed Aslesa and fixed Cancer 0°, concluded that the limit of the 
arc of trepidation from fixed Aries 0° was 23;20°, which he identified with the 
maximum declination of the Sun. The usual obliquity of the ecliptic noted in 
Indian texts is 24°, and it is this amount that the second system takes as the 
limit of trepidation. 

In this system, then, a coincidence of the vernal point and the fixed Aries 0° 
occurs in A.D. 522, the limit of the trepidation is 24° to either side of the fixed 
Aries 0°, and the rate of trepidational motion is 0;1° a year or 1° every 60 years. 
A period of oscillation, then, is 5760 years, and there are 750 such oscillations in 
a Mahayuga; but the vernal point and the fixed Aries 0° did not coincide at 
the beginning of either the Mahayuga or the Kaliyuga. 

The earliest reference to this system seems to be in the Pairvakhanda (ca 
A.D. 600/700) of the Hordsdstra’® of Parasara (3, 3la—b): “Subtract 444 from 
the Saka-year and divide [the remainder] by 60; [the result is] the degrees of 
trepidation”. Thereafter it is often repeated. Amaraja (on Khandakhddyaka 
3, 11) says that Prthidakasvamin (A.D. 864) claimed that the trepidation in 
Saka 800 (A.D. 878) would be 6;30" 29 this should be corrected to 6° as there 
are 356 (60 x 5:56) years between Saka 444 and Saka 800. Muiijala (A.D. 932) 
is quoted by several sources?! as giving a trepidation of 6;50° for Saka 854, 
which is 410 (60 x 6;50) years after Saka 444. Sripati (A.D. 1056), in his 
Dhruvamdnasa,”= gives the same rule as appears in ParaSara’s Hordsastra. 
Satinanda (1099), in his Bhdsvati (8, 1),28 gives the rate of precession as 1° in 
60 years, but makes the year of coincidence Saka 450 (a.D. 538). And Bhaskara 
(A.D. 1183) in his Karanakutithala (2, 17)*4 gives a trepidation of 11° for Saka 
1105, which is 661 (60 Χ 11;1) years after Saka 444. 

But there are some modifications of these parameters which occur; motiva- 
tions for them are not apparent. Thus, Amaraja cites two verses from a 
Karanottama (on Khandakhddyaka 3, 11). The first states that the trepidation 
for the epoch of this work is 600 minutes; at the usual rate of trepidation this 
would date the text in Saka 1044 (a.p. 1122). The next verse is somewhat 
corrupt, but the most reasonable interpretation that occurs to me is that one 
should subtract 4217 from the lapsed years (since the beginning of Kaliyuga) 
and divide (the remainder) by 61. Kali 4217 corresponds to A.p. 1116—just 
6 years before the date toward which the first verse pointed. The rate of 
trepidation—1° every 61 years—means that the traversal of an arc of 24° takes 
1464 years, a complete oscillation of 96° 5856 years. There is not an integral 
number of complete oscillations in a Mahayuga.*® 

The second variant is quoted by Paramesvara (ca A.D. 1380-1460) in his 
commentary on the Aryabhatiya (Kalakriya 10): “Subtract 3600 from the Kali- 
year and divide [the remainder] by 5808; divide the remainder by 1152. 
Multiply the remaining years by 2 and divide [the product] by 121. The 
remainder is the equation in degrees and so on’’. Here Kali 3600 is substituted 
for Kali 3623 as thé year in which the coincidence of the vernal point and the 
fixed Aries 0° occurred; in this Paramesvara follows Manindha. The rate of 
trepidation also is changed from 1° in 60 years to 2° in 121 years (1° in 604 
years). As a complete oscillation is 96° (24 x 4), the period is 5808 years 
(96 x 604) and the time required for the traversal of an arc of 24° is 1152 years 
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(24 x 604). There is not an integral number of oscillations in a Mahayuga. 

Finally, Amaraja (on Khandakhddyaka 3, 11) ascribed to “others” the follow- 
ing line: “‘Subtract 441 from the Saka-year, multiply [the remainder] by 2, and 
divide by 119; the result is in degrees’. Saka 441 or Kali 3620 becomes the 
year of coincidence, and the rate is changed to 2° in 119 years or 1° in 594 years. 
The traversal of an arc of 24°, then, takes 1428 years, a complete oscillation of 
96° 5712 years. Again there is not an integral number of oscillations in a 
Mahayuga. 

So far we have been examining theories of trepidation; but the theory of 
precession was not unknown in the period we have been investigating. The 
earliest reference is probably the corrupt number preserved by Bhaskara in his 
commentary on the Aryabhatiya and said to be the number of revolutions of 
the vernal point in a yuga according to the Romakas: viyadrudrakrtanavadhrti 
or 1894110. If dhrti (18) is emended to a word signifying 1, the resulting 
194 110 could be the revolutions in a Kalpa; for the annual motion then would 


194110 x 360° ἐ , ΕΝ 
be 4320 000 000 or approximately 0;0,58°. In fact, for a motion of 0;1° a 


year or 1° in 60 years there should be 200 000 revolutions of the vernal point in 
a Kalpa. The deviations from 200 000 that occur in this Romaka-passage and 
in others shortly to be discussed are presumably due to efforts to make the 
parameters yield a desirable coincidence of the vernal point and the fixed Aries 
0° in about A.D. 500. Without knowing the interval each system would place 
between the beginning of the Kalpa and a.p. 500 we cannot reconstruct their 
computations. 

The next such parameter of precession was given by Visnucandra (ca A.D. 
550/600) whose verse is cited by Prthiidakasvamin (on Bradhmasphutasiddhanta 
11, 54):*6 “The yuga of the ayana is said to be 189 411 [revolutions]; this was 
formerly the opinion of Brahma, the Sun [Sirya], and so on’. It scarcely seems 
useful to compute the annual motion resulting from this parameter. The 
versions of the Brahmasiddhanta and the Suryasiddhanta to which Visnucandra 
refers are no longer available to us. 

Finally, Bhaskara (A.D. 1150) has a very difficult passage (Siddhdntasiromani, 
Goladhyaya 7, 17-18):?? 

The intersection of the equinoctial and the declinational circles is ‘the node 
of the declination’. Its retrograde revolutions are said by the Saura 
[Saryasiddhanta] to be 30000 in a Kalpa. But the precessional motion 
proclaimed by Mufijala and so on is correct; in this school its revolutions 
in a Kalpa are 199 699. 


Bhaskara’s reference here to the Suryasiddhanta has caused much learned 
comment as it clearly conflicts with the verse from that work (3, 9) cited as 
early as Govindasvamin ;*8 it also conflicts with the statement regarding Sirya’s 
theory of precession made by Visnucandra. The expression of 600 in the 
Suryasiddhdnta is “‘trimSatkrtyo” (thirty twenties); in some versions the word 
for twenties, “‘krtyo’’, is corrupt. Perhaps Bhaskara’s statement reflects some- 
one’s misunderstanding of the Suryasiddhanta, which was interpreted as saying 
that there are thirty trepidations in a Mahayuga only, and therefore 30 000 in 
a Kalpa. 
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Bhaskara’s statement regarding Mufijala is not without difficulties either, 
though the number of revolutions in a Kalpa is closer to 200 000 than any other 
that is attested. Mufijala, as was shown above, is known to have followed 
Govindasvamin’s second theory. Unless he wrote a third work besides the 
Brhanmanasa and the Laghumdnasa, Bhaskara’s reference must be wrong. 

In conclusion, it has been established that before the twelfth century there 
existed three systems of accounting for the shift in the point at which the 
ecliptic crosses the equator which became evident when, in the fifth and sixth 
centuries, it was assumed that the naksatras in the Vedic literature and the 
Vedangajyotisa referred to the equal naksatras of the fixed Indian zodiac. Two 
solutions involved trepidation over arcs whose limits were determined by an 
interpretation of the indigenous Indian traditions, the third simple precession; 
the rates were either 0;0,54° or 0;1° per year, with various modifications chosen 
to fit into particular contexts which, by and large, cannot now be reconstructed. 
Both trepidation and precession appeared in Greek before they appear in 
Sanskrit, and the origins of all three Indian systems are expressly connected 
with texts dependent on Greek sources: Manindha or Manittha, Paulisa, and 
Romaka. The supposition is quite strong, then, that the theories of trepidation 
and precession were transmitted to India along with other astronomical theories 
between the second and fifth centuries Α.Ὁ., although the specific parameters 
employed arise out of the adaptation of Greek astronomy to the Indian 
tradition. 
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I cite this quotation from T. 5. Kuppanna Sastri’s edition of Bhaskara’s Mahabhaskariya, 
(with the Bhdsya of Govindasvamin and the Siddhdntadipikd of Paramesvara), Madras 
Government oriental series, cxxx (Madras, 1957), p. XXVI. 
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Greek Manethdn. Manittha’s work was known to Varahamihira, and so must have been 
written in the fourth or fifth century. The opinion is also ascribed to Manittha by Nilakantha 
(on Aryabhatiya, Kalakriya 10; see below, ref. 17). 

I have used transcripts of MS 3166 in the Mysore Government Oriental Library and of MS 
D 11498 in the Sarasvati Mahal Library in Tanjore. 
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his commentary on Bhaskara’s Karanakutithala (2, 17; see below, ref. 24), ignoring 3, 9c—d, 
interprets Saryasiddhanta 3, 9a—b to refer to a trepidation over an arc 60° (30° on either side 
of Aries 0°) at a rate of 0;1° per year. One complete oscillation, then, takes 7200 years as 
it should, but the rate of precession is that of Govindasvamin’s second school. Sumatiharsa 
ascribes this interpretation to a tika on the Sdryasiddhanta. See also below, ref. 25. 
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Sanskrit series, ci, cx and clxxxv (3 vols., Trivandrum, 1930, 1931, and 1957). 
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I have used the edition of G. L. Sarman and G. Sarman (Bambat Sam. 2008, Saka 1873 (a.D. 
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I do not find this in PrthOdakasvamin’s Vivarana, edited with the Khandakhddyaka by P. C. 
Sengupta (Calcutta, 1941); but only the beginning of his commentary on the Uttarakhanda- 
khadyaka is preserved. 


Apparently in his lost Brhanmdanasa; it is quoted by the commentators on his extant Laghu- 
manasa (1, 2), e.g., by Pragastadhara (A.D. 958) as quoted in Majumdar’s edition, p. 5, and 
by Paramesvara, and was noted by al-BiriiniI (Undia (ed. Hyderabad, 1958), 308; trans. E. C. 
Sachau (London, 1910), i, 366-7) as occurring in the Laghumdanasa. For the Laghumdnasa 
I have used the editions of N. K. Majumdar (Calcutta, 1951), and of B. D. Apate, 
Anandésrama Sanskrit series, cxxiii (Poona, 1952). For another opinion attributed to 
Mufjala by Bhaskara see below, ref. 27. 
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Quoted by Babuaji Miéra in his edition of Sripati’s Siddhdntasekhara (2 vols., Calcutta, 1932- 
47), i, 12. 
I have used the edition of Tikarama Dhanafiyaya (Benares, n.d.). 


I have used the edition (with the Ganakakumudakaumudi of Sumatiharsa) (Bambai Sam. 1958, 
Saka 1823 (A.D. 1901)). 


Another possible interpretation would be: one should add 4217 to the lapsed years (since the 
epoch of the work) and divide (the result) by 61. One would then assume that the initial year 
of the Kaliyuga (—3101) was a year of coincidence, that the annual rate of trepidational 
motion is 0;1,1°, and that the limit of trepidation is 30° from fixed Aries 0° as in the case of 
Sumatiharsa’s interpretation of the Saryasiddhadnta (see above, ref. 11). Then the motion 
in 4217 years would be about 70°, so that the actual position of the vernal point relative to 
fixed Aries 0° would be — 10°. 

I have used MS Sanskrit 2769 of the India Office Library, London; see also the Paficasiddhantikd, 
i, 8. 

I have used the edition of Dattatreya Apate (with Bhaskara’s own Vdsandbhdsya and 
Munigvara’s Marici), Anandasrama Sanskrit series, cxxii (2 vols., Poona, 1943-52). 

See Munisvara’s Marici, ad loc., and Colebrooke’s summary thereof. 


Note added in praof: 


Since this article was written, the appearance of the complete text of the Khandakhddyaka in 
the edition by B. Chatterjee (2 vols, Calcutta, 1970) has made it clear that Amaraja means 
by Uttara (see ref. 14) not Brahmagupta’s Uttarkhandakhddyaka, in which the cited verse 
does not appear, but the Khandakhddyakottara of his (Amaraja’s) teacher Trivikrama 
(A.D. 1180). 
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THE MESOPOTAMIAN ORIGIN OF EARLY INDIAN 
MATHEMATICAL ASTRONOMY 


DAVID PINGREE, Brown University 


In this paper I intend to advance and offer evidence in support of an hypothesis 
concerning the dependence of the mathematical astronomy of the /yotisavedanga 
on Mesopotamian science of the Achaemenid period.' I believe that the evidence 
in support of the theory that some elements of early Indian astronomy are 
derived from Mesopotamia is overwhelming, and that the evidence for the rest 
of my hypothetical reconstruction is persuasive. But I must enter a cautionary 
note with regard to that portion which relates to the Indian intercalation-cycle: 
the evidence in both the cuneiform and the Sanskrit sources is so fragmentary 
that no hypothetical reconstruction of the development or of the interrelation 
of their respective intercalation-cycles is more than a reasonable guess. I hope 
that the reader will find my guess more plausible than those of my predecessors. 


Though the Vedas and Brahmanas provide us with some crude elements of 
observational astronomy, such as the standard list of 27 or 28 naksatras or 
constellations associated with the Moon’s course through the sky, and some 
rough parameters, such as the twelve months and 360 nychthemera of a year, 
mathematical astronomy begins in India with a group of related texts which I 
intend to explain in this paper. The basic text of this group is the Jyotisaveddnga,? 
one of the six angas or “limbs” studied by Vedic priests; its purpose was to 
provide them with a means of computing the times for which the performances 
of sacrifices are prescribed, primarily new and full moons. This brief work has 
come down to us in two recensions: a shorter one of 36 verses associated with 
the Reveda, and a longer one of 43 verses associated with the Yajurveda, which 
latter incorporates 29 verses of the Rk-recension. That Rk-recension was com- 
posed by one Lagadha, who is otherwise unknown, or, according to another 
interpretation, by Suci on the basis of Lagadha’s teachings; the Yajur-recension 
names no author, but has the dubious benefit of a bhasya or commentary by 
one Somakara. It is the Yajur-recension that has generally been used by modern 
scholars also, as it, in two of its additional verses, attempts to adjust the older 
system of the Rk-recension to the familiar terms of medieval Indian astronomy. 
In this paper the shorter and surely older Rk-recension will be used. 

We are justified in asserting the originality of the Rk-recension not only by 
its shortness, but also by its parallelism to other pre-medieval Sanskrit texts. 
In particular we must discuss here the following seven works in addition to 
the two recensions of the Jyotisaveddnga: 


1. The Arthasdstra of Kautilya® is an ancient work on political science. Many 
scholars have identified the author with the minister of Candragupta Maurya, 
who established the Mauryan Empire in northern India shortly before 300 B.c., 
though it seems fairly secure that our recension of Book Two of the Arthasdstra 
does not antedate the second century A.p.4 The twentieth chapter of the second 
book of the ArthaSdstra prescribes the duties of the Manadhyaksa or Super- 
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intendant of Measurements, among which is included the duty of supervising 
the measurements of time. These time-measurements are closely related to 
those of the Jyotisavedanga. 


2. The Sdrdilakarnavadana’® is now the thirty-third story in a Buddhist collec- 
tion of tales about Bodhisattvas, the Divydvadana. Originally it was an anti- 
caste tract in which a king of the Matangas (that is, Candalas), Trisanku, asks a 
Brahmana, Puskarasarin, to give his daughter, Prakrti, to the outcaste’s son, 
Sardilakarna. Upon the Brahmana’s refusal of this unorthodox request, 
Trisanku proves his status as a Brahmana by displaying his knowledge of astral 
divination and astronomy. Our present Sanskrit version is full of interpolations, 
both in prose and in poetry; but the history of the basic core of the text can 
be traced back to translations into Chinese by the Parthian prince An Shih-kao, 
who settled in Loyang in a.p. 148,° by Chu Chiang-yen and Chih Ch’ien between 
ca A.D. 220 and 252,’ and again by Dharmaraksa between A.D. 266 and 317.8 
The passages which are of interest to us as they refiect the astronomy of the 
Jyotisavedanga occur in the Chinese translations of the third century. 


3. The twelfth chapter of the Paficasiddhdntika,? composed by Varahamihira 
at Ujjayini towards the middle of the sixth century A.D., summarizes a Paitdma- 
hasiddhanta whose epoch is 11 January of A.p. 80. This is our most important 
witness for establishing the priority of the luni-solar period-relation of the 
Rk-recension over that of the Yajur-recension; for, with the exception of an 
alteration in the position of the winter solstice and Varahamihira’s introduction 
of the concept of omitted tithis, it is in complete agreement with the former. 


of the seventeenth chapter of the Paficasiddhantikd of Varahamihira represents 
an Indian adaptation of a Greek version of Babylonian astronomy intermingled 
with elements of the older Indian borrowings from Babylonian astronomy 
which appear in the Jyotisaveddnga and in the other texts of which we have 
been speaking. Though the version of the Vasisthasiddhdnta available to 
Varahamihira apparently used 3 December 499 as its epoch, the reference to 
Vasistha as an astronomical authority in the Yavanajdtaka® written by 
Sphujidhvaja in A.D. 269/270 indicates that the original was probably composed 
in the second or early third century A.D. 


5. The Yavanajataka itself is primarily a versification of a Sanskrit prose 
translation of a lost Greek astrological text; the Greek original was composed 
in Egypt, and probably in Alexandria, in the first half of the second century 
A.D., while the prose Sanskrit translation was made by Yavanesvara in western 
India in A.D. 149/150. In the seventy-ninth chapter of the Yavanajdtaka, 
Sphujidhvaja describes a Greek adaptation of the Mesopotamian linear 
astronomy of the Seleucid period, but he intersperses in this material various 
elements derived from the tradition of the Jyotisaveddanga. 


6. The fifth, sixth, and seventh upangas of the Jaina canon of sacred literature 
are in many respects virtually identical; they are entitled respectively the 
Suariyapannatti, the Jambuddivapannatti, and the Camdapannatti.“ The recension 
of the Jaina canon is traditionally assigned to the Council of Valabhi in 
Saurastra, which met during the reign of the Maitraka monarch Dhruvasena I 
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from ca a.D. 519 to 549. Though these texts contain much that is certainly 
far older than the early sixth century A.p., their intercalation-cycle seems to 
have been adapted to that of the Yajur-recension as they interpret the 366 days 
of a solar year as civil rather than sidereal.™ 


7. Many verses ascribed to Garga are cited by Somakara in his bhasya on 
the Yajur-recension, with whose system Garga is in accord as he knows most 
of that recension’s additional verses. Usually this Garga has been identified 
with the author of the oldest form of the Gargasamhitad, which may be as old 
as the first century A.D.1*; but the Slokas cited by Somakara are not found 
in that work. Rather one must date this Garga to a considerably later period 
as he demonstrates a knowledge of the astronomy of the early medieval period 
——for example, of the four categories of time-measurements (solar, lunar, civil, 
and naksatra) first enunciated in the Paitamahasiddhanta of the Visnudharmot- 
tarapurdna, a work written in all probability in the early fifth century A.D., 
though they are already hinted at by Sphujidhvaja.™ 

Though the Yajur-recension is thus seen most likely to be a product of the 
third to fifth centuries A.p., the Jyotisavedanga has often been dated to the 
twelfth century B.c. on the basis of the position among the naksatras that it 
assigns to the winter solstice. Though this argument, as we shall see, is not 
worth much, the system of the Rk-recension must indeed be much earlier than 
that of the Yajur-recension since we find it in one text definitely dated in 
A.D. 80 and in another which in part depends on sources that may go back 
to the third century B.c. I hope now to show that in fact the astronomy of 
the Rk-recension was formulated in the fifth or fourth century B.c. on the 
basis of information about originally-Mesopotamian methods and parameters 
transmitted to India during the Achaemenid occupation of the Indus Valley 
between ca 513 and 326 B.c. This date well suits the Rk-recension, whose 
language is definitely post-Vedic, but not yet classical. 

The time-measurements of this earliest period of Indian mathematical 
astronomy were made by means of two instruments; both of them were invented 
in Mesopotamia. Furthermore, the mathematical device used for interpreting 
them-——a linear zig-zag function—is also Mesopotamian. The first of these 
two instruments is an out-flowing water-clock. Its usage is described in the 
first three padas of verse 7 of the Rk-recension: 


The increase in daylight and the decrease in night-time in the northern 
course (of the Sun) is a prastha of water, in the southern course it is the 
reverse. 


This means that one employs a linear zig-zag function with a constant difference 
of one prastha a day to determine the amount of water to be poured into the 
water-clock for each period of daylight, with a minimum amount at the 
beginning of the Sun’s northern course, that is at the winter solstice, and 
the maximum amount at the summer solstice. 

The escape- -hole (nadika) of the water-clock (ghatika or kumbha) is des- 
cribed in the Sdrdilakarndvaddna™ as a round tube of gold four digits 1 in length 
with a rectangular opening at the end. A similar description is given in the 
Arthasdstra.® 
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a nalika [i.e., 24 minutes] is measured by an 4dhaka of water flowing through 
a hole which is four digits long [extending] from a pot [kumbha]. [It is 
composed of] four masakas of gold. 


That there is this relationship between the liquid measure, adhaka, and the 
temporal measure, kumbhika, is also stated in verse 17 of the Rk-recension. 
This out-flowing water-clock is also mentioned by Sphujidhvaja!’ and by 
Varahamihira.* 

In cuneiform sources we find a reference to the use of an out-flowing water- 
clock in mul Apin,’® a series which was probably compiled in about 700 B.c.; 
the earliest copy is dated 687 B.c. A number of other contemporary or even 
older texts contain similar references, in particular the fourteenth tablet of 
Enima Anu Enlil. One mathematical text indicates that the shape of the 
clepsydra was a cylinder as seems to be true of the Indian equivalent. The 
water-clock itself, then, appears to be a Babylonian invention of the first few 
centuries of the last millennium B.c. What of its manner of use in India? 

The remainder of verse 7 in the Rk-recension is also connected with Meso- 
potamia. It states simply: “Six muhirtas in an ayana.” A muhirta is a 
thirtieth of a nychthemeron, or two nadikas, and an ayana is the time between 
two consecutive solstices. So the statement tells us that the magnitude of 
difference between the longest and shortest daylights is six muhirtas or a fifth 
of a nychthemeron. This, of course, means that the ratio of the longest to 
the shortest day is 3:2---ἃ ratio inappropriate to all parts of India save the 
extreme north-west, but one that is well-attested in cuneiform texts. 

In fact the earliest ratio of longest to shortest daylight in Mesopotamia ts 2: 1, 
found in the so-called Astrolabe P, in the fourteenth tablet of Eniima Anu Enlil 
in mul Apin, and elsewhere in tablets dated before the seventh century B.c.*° 
The ratio 3:2 used by the Indians, however, was commonly utilized in all 
Babylonian astronomical texts after ca 700 B.c. This tradition must surely be 
the source of the Sanskrit texts under discussion, and provides us with a 
terminus post quem for those texts. 

But not only do our texts use the Babylonian ratio; they also employ a 
linear zig-zag function to determine the lengths of daylight in intermediate 
months. Thus the Arthasdstra® gives the length of daylight as 15 muhirtas 
at the equinoxes, with an increase or a decrease of one muhtrta a month as 
one proceeds from an equinox toward respectively the summer or the winter 
solstice; thereby the longest day becomes 18 muhirtas, the shortest 12. The 
winter solstice is placed by the Arthasdstra here in Pausya, which is the month 
preceding Magha wherein the winter solstice occurs according to verse 6 of 
the Rk-recension; this is probably due to an attempt already discernible in 
the Paitamahasiddhanta of a.p. 80 to have the vernal equinox fall in Caitra, 
the third month after Pausya. Elsewhere’ the Arthasdstra places the beginnings 
of the two ayanas in the same months as does the Jyotisavedanga. 

A linear zig-zag function for obtaining lengths of daylight identical to the 
Arthasdstra’s is found in the Sdardiilakarndvadana,® in the Yavanajdtaka,™ and 
in the Vasisthasiddhanta.~ This methodology is, of course, undeniably Baby- 
lonian; one need only multiply the Babylonian béru or double-hours by 2;30 
to produce the Indian table of muhirtas. 
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The same zig-zag function is expressed in verse 22 of the Rk-recension, 
though at intervals of days rather than months. 


Whatever has elapsed of the northern ayana or whatever remains of 
the southern ayana, multiply it by 2, divide [the product] by 61, and add 
[to the quotient] 12; [the sum] is the length of daylight [expressed in 
muhirtas]. 


This formula is based on three parameters—-12 muhirtas as the length of 
daylight at the winter solstice, 183 “‘days”’ as the interval between two consecu- 
tive solstices, and 6 muhirtas as the difference between the longest and shortest 
lengths of daylight. Then, if the time from the winter solstice in “‘days’’ is 
denoted x and the length of daylight on that “day” as d(x), it is assumed that 
ΤΕ 2 Ὁ 

183 6] 

The second instrument used for measuring time in this period, though not 
mentioned in the Jyotisaveddnga, is the gnomon. In later Sanskrit texts it is 
called sanku, but in the earliest specimens the gnomon-shadow was named 
chayapaurusa, so the gnomon itself must have been called purusa or man; 
its length was normally defined as 12 angulas or digits. One of the oldest 
gnomon-texts is that preserved in the Arthasdastra.** Here it is assumed that 
the noon-shadow is 0 in Asadha—that is, at the summer solstice if the vernal 
equinox falls in Caitra as the preceding section of the Arthasdstra prescribes. 
This indicates a terrestrial latitude of about 24°—-that is, approximately the 
latitude of Ujjayini—-whereas the use of 3:2 as the ratio of longest to shortest 
length of daylight indicates a terrestrial latitude of about 35°---that is, somewhat 
north of the latitude of Babylon. But though the length of the noon-shadow 
for the summer solstice has been adjusted to Indian conditions, the Arthasdstra 
still employs a Babylonian linear zig-zag function to obtain the lengths of the 
noon-shadows in other months of the year. It is assumed that the length of 
the noon-shadowat the winter solstice is 12 digits, so that the monthly increment 
or decrease in the length of the noon-shadow is 2 digits and its length at the 
equinoxes is 6 digits. Precisely this same linear zig-zag function is found in the 
Vasisthasiddhanta summarized by Varahamihira,?’ though with the months 
replaced by the zodiacal signs occupied by the Sun. 

In this system the noon-shadow at the winter solstice measures one gnomon- 
length. Exactly the same noon-shadow at the winter solstice is given in mul 
Apin,”* though that text does not yield a value for the length of the noon- 
shadow at the summer solstice. Rather it forms a linear zig-zag function for 
the seasonal hours after sunrise at which the length of the shadow equals one 
gnomon-length; these values are 3 béru or 90 τι at the winter solstice, 2 béru 
or 60 uS at the summer solstice, and 2:30 béru or 75 uS at the equinoxes. 
This implies a monthly difference of 5 ιν. 

The remainder of the gnomon-text in the Arthasdstra gives shadow-lengths 
at the passing of various fractions of the day of the summer solstice; pre- 
sumably simple proportion is to be used to find the shadow-lengths on other 
days. A similar, though corrupt and fragmentary, table of shadow-lengths at 
the passing of each muhirta of the day of the summer stolstice is found in 
the Sardulakarndvaddna,” and another in the Pahlavi Shdyast πὸ shdyast®; and 


d(x) = 12 + 
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mul Apin also preserves such tables in which a number of seasonal-hours is 
associated with each shadow-length expressed in integer gnomon-lengths. 
Though the methods of computation of these several tables differ, it is note- 
worthy that the shadow is assumed in mul Apin to equal 8 gnomon-lengths 
after 4 seasonal hour on the day of the summer solstice or 45 minutes of an 
equinoctial hour, whereas both the Arthasdastra and the Sdrdilakarnavadana state 
that the shadow equals 8 gnomon-lengths after 1 muhirta or 48 minutes of 
an equinoctial hour. It seems plausible, then, that the Sanskrit texts represent 
an adaptation of a lost Mesopotamian scheme reduced to expression in Indian 
units of time-measurement, and with further modifications to produce a 
shadow-length of 0 at noon. 

The Sdrdilakarndvaddna* preserves a fragment of another early gnomon- 
text in which the gnomon measures 16 digits and the longest length of daylight, 
18 muhirtas, occurs in Sravana as in the Jyotisaveddnga. This scheme may 
well antedate the one discussed above. It gave the lengths of the noon-shadows 
for each month in a linear zig-zag system almost identical with that of the 
Arthasastra, though the latter used a 12-digit gnomon; the one variation in 
the Sdrdilakarndvaddna is that the noon-shadow at the summer solstice is half 
a digit rather than zero. This shows that in this scheme it was not assumed 
that the situation at Ujjayini can be generalized for all of India. But it would 
be unrealistic to think that one could compute the precise latitude for which 
this shadow-table would work; it should suffice to say that it must have 
originated in northern India. 

From this discussion it should be clear that the mathematical astronomy of 
this group of texts centering about the Jyotisaveddnga has borrowed much 
from Mesopotamian astronomy of the seventh and sixth centuries B.c., and 
is especially close to the compilation mul Apin, though, of course, the Indians 
have altered certain elements to suit their own situation. We now must look 
at the more important and troublesome part of the /yotisaveddnga, its inter- 
calation-cycle. 

In the Rk-recension the elements of this yuga or cycle are not clearly stated, 
but can easily be inferred. It is stated in verse 32 that the yuga consists of 
five years——-a choice perhaps determined by the lustrum mentioned in some 
Vedic texts, though periods of two, three, four, and six years are also attested 
in the literature.** These five years are solar, and therefore contain 60 solar 
months. That they also contain 2 intercalary months to make a total of 
62 synodic months is clear from verse 4, which gives the following rule for 
finding the parvan or syzygy. 


Diminish [the current year-number] by |, multiply [the remainder] by 12 
[to get the solar months], multiply [the product] by 2 [to get the “syzygies” 
of the solar months], add [to the product] the lapsed [syzygies of the 
present year], and add [to that sum] 2 for each 60; [the result] is called 
the sum of the syzygies. 


The addition of 2 syzygies for each 60 “‘syzygies”’ of the solar months is, of 
course, equivalent to adding 2 intercalary months for each 60 solar months. This 
same intercalation-rule is found in the Arthasdstra,* the Sdrdiilakarnadvadana,™ 
and the Paitadmahasiddhanta summarized by Varahamihira.* 
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The number of “days” within this five-year yuga can be computed from 
verse 18 of the Rk-recension: 


The Moon travels through a naksatra in 1 day and 7 kalas, the Sun 
in 13 and 5/9 days. 


The Moon’s total travel in 5 solar years containing 62 synodic months is 
67 sidereal rotations; since in each sidereal rotation it travels by definition 
through 27 naksatras, in a yuga it travels through 1809 naksatras. From 
verse 16 we learn that each day contains 603 kalas, so that to find the number 
of days, D, in a yuga we form the equation: 

7 


D = 1809 x laa == 1830. 


Similarly, the Sun travels through 135 naksatras in 5 years at the rate of 
133 days per naksatra. And therefore 


D = 135 x 13, == 1830, 


A cruder parameter for solar motion-—-13; days per naksatra—is found in 
verse 12; it yields an impossible 1845 days in a five-year yuga. 

If there are 1830 “days” in 5 solar years, each one contains 366 “days” and 
each ayana contains 183 “‘days’, a parameter confirmed by the rule for the 
daily increase in the length of daylight discussed above. Furthermore, in 
62 months there must be 1860 tithis or thirtieths of a month; this again is 
confirmed by verse 8 of the Rk-recension. 


They say that the first [tithis] in [each] ayana [are] the first, seventh, 
and thirteenth [in the suklapaksa and] the fourth and tenth [in the 
krsnapaksga]; [the series is taken] twice. 

Since 1860 tithis contain 10 ayanas, each ayana is 186 tithis or 6 synodic months 
plus 6 tithis; and the constant difference in the above verse is precisely 6 tithis. 
The same scheme is used for determining the tithi-numbers of the equinoxes 
in verse 12. 

Precisely these figures are known to lie behind the computations of the 
Paitamahasiddhanta of A.D. 80. Neugebauer and the present author have shown 
that they are to be interpreted to mean that each year contains 366 sidereal 
days, which are equivalent to 365 civil days. In other words, the fundamental 
relation of the five-year yuga is: 


5 years = 1830 sidereal days = 62 synodic months. 


This manner of expression is quite consistent with the normal practice of the 
earliest texts of medieval Indian astronomy, for both the Paitdmahasiddhdnta 
of the Visnudharmottarapurdna®* and the Aryabhatiya®’ composed by Aryabhata 
in A.D. 499 express the length of their yugas in naksatra or sidereal days, from 
which the civil days can be derived by subtracting the number of revolutions 
of the Sun in a yuga; and Sphujidhvaja stated the correct relation already in 
the third century.** One of the principal problems that modern scholars have 
had with the Jyotisaveddanga is due to their understanding the text to mean that 
a solar year equals 366 civil days, which is a parameter approximately three 
times as inaccurate as that of the Rk-recension. 
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Their justification for understanding the text in this way is to be found in 
verses 28-29 of the Yajur-recension—two verses not to be found in the 
Rk-recension. These verses state: 


A year [consists of] 366 days, 6 rtus [or seasons], 2 ayanas, and 12 solar 
months; a yuga is this multiplied by 5. The sum of the days plus 5 [equals] 
the risings of [the naksatra] Vasava [or Dhanistha]; [the sum of days] 
diminished by 62 [equals the risings] of the Moon; [and the sum of days 
diminished] by 21 [equals the Moon’s transits] of the naksatras. 


Since we know that the Moon travels through 1809 naksatras in a five-year 
yuga, “the sum of days” in these verses is 1830, that is, the number of sidereal 
days in our interpretation. But these verses also state that the number of 
risings of a naksatra—that is, the number of sidereal days—equals “the sum 
of days plus 5” or 1830 plus the number of revolutions of the Sun. Clearly, 
then, the author of these two verses assumed that 1830 is the number of civil 
days in a five-year yuga, and both medieval and modern scholars have followed 
him. But I would suggest that the redactor of the Yajur-recension, in perhaps 
the fourth or fifth century A.D., added these verses in order to provide a state- 
ment about the fundamental period-relations of the J/yotisaveddnga including 
that of sidereal to civil days; unfortunately, he did not correctly apprehend 
what that relation was. As we have shown, the Rk-recension of the 
Jyotisaveddnga and the Paitadmahasiddhanta of A.D. 80 do not impose this 
false interpretation on us. 

Given this yuga of 5 years, of which each contains 365 civil days, and during 
which period 2 intercalations are made, we must necessarily ask whether the 
Indians developed it themselves or adopted it from some external source. 
Though longitudes in this cycle are measured in Indian units—-the 27 naksatras 
now for the first time interpreted as equal arcs of 13;20° each along the ecliptic 
—-there is nothing in the earlier Indian texts to suggest any prior stages of 
development that could have culminated in the /yotisaveddnga. On the contrary, 
not only are the time-measuring instruments, the water-clock and the gnomon, 
along with the linear zig-zag functions utilized in reading them, derived from 
Babylonia: some of the elements of the intercalation-cycle itself are also, 
beginning with the division of the mean synodic month into thirty equal units 
called in Sanskrit tithis (these units appear in a cuneiform tablet of about 
600 B.c. which deals with the dates of solstices, equinoxes, and the heliacal 
risings and settings of Sirius*®*), the thirty muhirtas of a nychthemeron being 
an obvious imitation of the thirty tithis of a synodic month. Furthermore, 
a year of 365 days, though Egyptian in origin, may have been adapted in Iran 
as early as the second half of the fifth century B.c.*° This possibility provides 
us with a hint regarding the intermediary which transmitted so much of 
Mesopotamian astronomy to the banks of the Indus and Ganges. 

If we look in cuneiform texts for a five-year intercalation-cycle, we are 
frustrated. But a knowledge of the basic period-relations of lunar and solar 
motion are implicit in the Babylonian eighteen-year eclipse cycle, whose ante- 
cedents go back to the eighth century B.c.44 And, as I have learned recently 
from Dr Herman Hunger of the Oriental Institute, the second tablet of mul 
Apin describes a crude intercalation-cycle in which one month is intercalated 
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every three years. The epact in this text is 10 days; somewhat later texts of 
the Achaemenid period use 10;30 days. Moreover, if legend as preserved by 
Censorinus is correct, Cleostratus of Tenedos towards the end of the sixth 
century B.c. had learned—inevitably from a Mesopotamian source—of an 
eight-year cycle with three intercalary months,* and some claim, though on the 
basis of not completely convincing evidence, that this octaéteris was used in the 
Babylonian civil calendar from 527 to 503 B.c.** In 432 B.c. Meton in Athens 
proposed the nineteen-year cycle with seven intercalations, which is based on 
very fine parameters indeed; and Meton may have had Babylonian sources. 
The Mesopotamian evidence consists of the actual intercalations in the civil 
calendar, which are regular with respect to the year of intercalation after 
483 B.c. with the exception of one anomalous intercalation in 384 B.c.,*4 and 
it must be remembered that the civil authorities may well have lagged far 
behind the astronomers in adopting this intercalation-scheme. In Athens itself 
the Metonic cycle was never employed in the civil calendar. It is not clear 
what relationship the Egyptian 25-year cycle, introduced in the middle of the 
fourth century B.c. during Achaemenid rule, might have to the Indian. For 
the Egyptians 25 years of 365 days each contain 309 synodic months,“ whereas 
for the Indians 25 such years contain 310 synodic months. The contemporaneity 
of these developments in areas linked by the Achaemenid empire suggests a 
common origin. 


It is clear, then, that Babylonian astronomers were capable of devising 
intercalation-cycles in the seventh, sixth, and fifth centuries B.c., and there 
is evidence both in the Greek and in the cuneiform sources that they actually 
did so; and by the early fourth century B.c. they had certainly adopted the 
quite-accurate nineteen-year cycle. It is my suggestion that some knowledge 
of these attempts reached India, along with the specific astronomical material 
we have already discussed, in the fifth or fourth century B.c. through Iranian 
intermediaries, whose influence is probably discernible in the year-length 
selected by Lagadha for the Jyotisaveddnga. But the actual length of the yuga, 
five years, was presumably accepted by Lagadha because of its identity with a 
Vedic lustrum. Not having access to a series of extensive observations such 
as were available to the Babylonians, he probably was not completely aware 
of the crudeness of his system. And the acceptance of this cycle by Indians 
for a period of six or seven centuries or even more demonstrates among other 
things that they were not interested in performing the simplest acts of observa- 
tional astronomy. 


This leads us directly back to the question of the date of the Jyotisaveddnga 
which we briefly touched upon at the beginning of this paper. Verses 5-6 of 
the Rk-recension may be translated as follows. 


When the Moon and Sun travel in the heavens together with Vasava 
[7.e., the naksatra Dhanistha], then is the beginning of the yuga, the 
Suklapaksa of Magha, and the northern ayana. The Sun and Moon 
proceed northwards at the beginning of Sravistha [i.e., Dhanistha], and 
southwards in the middle of Sarpa [i.e., Aslesa]; [these two events occur] 
always in [the month] Magha and Sravana respectively. : 
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Since the tropical longitude of the beginning of Dhanistha was 293;20° in about 
A.D. 500, that point in the sphere of the fixed stars coincided with the winter 
solstice in about 1180 B.c. But, though this computation is correct, its relevance 
to the date of the /yotisaveddnga is not evident. We simply do not know where 
Lagadha would have placed the beginning of the equal naksatra Dhanistha 
with respect to the fixed stars, nor do we know the accuracy with which he 
could have determined the sidereal longitude of the Sun at the winter solstice. 
Since a displacement of the beginning of the equal naksatra by some 10°, or 
an error of 10 days in computing the date of the winter solstice, or some 
combination of these two effects is all that is required to bring the date from 
the twelfth century to the fifth century B.c., we should not lend much weight 
to this chronological argument.*® Furthermore, we must consider that an 
intercalation-cycle based on such a crude parameter for the length of a year 
as 365 days does not inspire much confidence in the accuracy with which its 
author was able or wished to endow the positions of the solstices. The scheme 
could never pretend to provide more than a very rough approximation to 
reality, for a few years; it would require constant readjustment if it were really 
to work. The true significance lies in the fact that with it the Indians accepted 
in theory the possibility of describing the periodicity of celestial motions in 
mathematical terms, and that they learned of this possibility from the Baby- 
lonians through their Iranian neighbours. 

But there is one further question that we must raise before accepting this 
hypothesis of transmission. Was this an isolated phenomena, or part of a 
general Iranian influence on Indian culture in the fifth and fourth centuries B.c.? 
Unfortunately, our answer to that question is rather clouded by the scarcity 
of literary or archaeological data from the period in question.** We do not 
know how far into India the Achaemenids penetrated, but probably their 
control did not extend beyond the western parts of the Panjab as Alexander 
met numerous small and apparently independent states in the Indus valley. 
But Iranian influence in the early fifth century was sufficiently strong to make 
possible the safe completion of Scylax’s exploratory voyage down the Indus, 
and TaksaSila, in the region where Panini seems to have worked, was certainly 
a city where cross-cultural contacts were frequent. And it is arguable that the 
enormous and often-studied Iranian influence discerned in Mauryan polity, 
architecture, sculpture, epigraphy, and the like in the third century B.c. was 
an inheritance from the pre-Mauryan Nandas’ rather than from the post- 
Alexandrian Greeks’ adaptations of Achaemenid forms. And parallel to the 
suggested Mesopotamian-Iranian influence on Indian mathematical astronomy 
is the influence of the same cultural complex on Indian omens, which first are 
mentioned in the Upanisads and Buddhist canonical texts of the pre-Mauryan 
period, though the oldest codifications of these omens available to us were 
compiled in the early centuries A.D. It is reasonable, then, or at least so I 
believe, to see the origins of mathematical astronomy in India as just one 
element in a general transmission of Mesopotamian-Iranian cultural forms to 
northern India during the two centuries that antedated Alexander’s conquest 
of the Achaemenid empire. 
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Davip PInGREE, PROVIDENCE 


In 19521 van der Waerden suggested that the motion of the Sun according to the 
vakyas of South India (which belong to the Parahita system founded by Haridatta 
in 683 on the basis of the Aryapaksa of Aryabhata®) could be explained on the 
hypothesis of a concentric with equant. Four years later? Krishna Ray showed that 
the same model would account for the lunar motion in these tables. But, in that 
same year‘, van der Waerden abandoned his hypothesis because he knew of no 
Greek or Indian text in which such a model is described. One purpose of the present 
article is to point out that a procedure for solving a concentric with equant is 
described in a text belonging to the Aryapaksa, the Mahabbdskariya of that 
Bhaskara who wrote a commentary on the Aryabhatiya in 629; its second purpose 
is to suggest a pre-Ptolemaic, Peripatetic origin of the model, and therefore of the 
equant as well. 

In Mabaébbaskariya IV 19-215 is found a method of computing the effect of a 
concentric with equant by means of an eccentric with varying eccentricity. In the 
accompanying figure, E is the equant point at a fixed distance EO from the center 
of the earth, while D is the center of an eccentric with radius DS' = OS = R. D 
slides up and down the apsidal line DEO in such a fashion that DS' is always 
parallel to ES. With Bhaskara’s rule one finds approximately DO and OS', from 
which one can find the elongation from the apogee, DOS' = EOS. The text states: 


IV 19. Subtract (the Sine of) the final equation from (the Sine of) the koti 
or again add it, depending on the eats the square-root of the sum of 
the square of that and the square of the bahu is the hypotenuse. 


IV 20. Multiply (the Sine of) the final equation by the hypotenuse (and) 
divide (the product) by the Radius; add (the quotient) to or subract it from 
the previous koti (repeatedly) until the hypotenuse is equal (to the hypot- 
enuse obtained in the immediately preceding computation). 


1B. L. van der Waerden, ‘Die Bewegung der Sonne nach griechischen und indischen Tafeln,’ 
SBAW, Math.-naturwiss. KI. (1952), 219-232. I wish here to thank my colleagues, Profs. 
Neugebauer and Toomer, for their suggestions, and Prof. Neugebauer in particular for 
having drawn the figure which accompanies this paper. 

2 Haridatta’s Grahacdranibandhana was edited by Κα V. Sarma (Madras, 1954); see also 
C. Kunhan Raja, Candravakyas of Vararuci (Madras, 1948). 

8], ΝΥ. M. Krishna Rav, “The motion of the Moon in Tamil astronomy,’ Centaurus IV 
(1955-56), 198-220. : 
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by B.D. Apate, ASS 126 (Poona, 1945); with the Bhdsya of Govindasvamin and the 
Siddhantadipikad of Paramesvara by T.S. Kuppanna Sastri, Madras GOS 130 (Madras, 
1957); and with an English translation and commentary by K. S. Shukla (Lucknow, 
1960). The three texts are virtually identical; I translate Shukla’s, but read kory4h with 
the other editions in 19a in place of kotyam. 

δ See Ὁ. Pingree, ‘On the Greek origin of the Indian planetary model employing a double 
epicycle,’ JHA 2 (1971), 80-85. 
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Fig. 1 


IV 21. Multiply the Radius by the Sine of the bahu (and) divide (the prod- 
uct) by the (final) hypotenuse. Add the ard (corresponding to that quotient) 
to (the longitude of) the apogee according to the quadrant of the argument. 


In these verses, the Sine of the final equation is the eccentricity (one begins the 
computation by using its mean value, EO, the distance of the equant from the 
center of the earth); the Sine of the koti is Cosx; and the Sine of the bahu is 
Sinz. In IV 9-12 Bhaskara gives an equivalent solution employing an epicycle of 
varying radius. 

These and similar rules appear elsewhere in Sanskrit astronomical texts, though 
Bhaskara’s exposition is the earliest that survives. There can be little doubt that 
they are typically Indian methods for solving the concentric with equant; and it 
would be difficult not to conclude that, like the Indian epicyclic and eccentric 
models of planetary motion, the concentric with equant originated among the 
Greeks®, More specifically, it seems likely that such a model would have originated 
among Peripatetics attempting to preserve the concentricity of the orbits of at least 
the two luminaries while allowing their motions as seen from the earth to be anom- 
alous. Evidence exists that such efforts were made in the first and second centuries 
A.D? 

If this reconstruction is valid, it follows that Ptolemy did not invent the equant 
~ nor does he claim to have done 508, It is virtually inconceivable that the inventor 
of the concentric with equant could have studied the planetary models in the 


7 γριά. 
8. Almagest IX 5-6. 
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Almagest and have believed in the adequacy of his own model, based, as it would 
have been, on one relatively minor element in Ptolemy’s theory of the star-planets. 
On the other hand, it is perfectly plausible that Ptolemy knew of the equant 
employed in some Aristotelian’s primitive model and recognized the usefulness of 
the device, when applied to an eccentric, to solve an entirely different problem 
from that to which it was originally proposed as an answer. 
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THE sTUDY of astronomy as pursued in India 
from antiquity until the introduction of the modern 
science in the nineteenth century does not fit into 
a Western historian’s normal conception of a scien- 
tific enterprise.’ In particular, Western astronomy 
from Hipparchus till Kepler consistently emphasized 
the need to combine carefully planned and executed 
observations with theory in order to determine and 
perfect geometrical models that generate predictions 
corresponding as closely as possible to the observed 
phenomena. The successful pursuit of such pro- 
grams of astronomical research was certainly rare, 
but the attempts were many. In India astronomers 
paid little attention either to observation or to 
theory. It is my purpose in this paper to describe, 
without going into technical details, the Indians’ 
approach to the celestial science, to discuss at least 
some of the causes of their peculiar attitudes, to 
indicate in what areas their unorthodox methodology 
led to real contributions to world astronomy, and, 
finally, to point to one of the effects of their failure 
to develop a science that could compete with that 
of the West. 

Mathematical astronomy was introduced into 
India, along with the “‘sciences’’ of divination from 
celestial omens and of astrology, from the West. 
The earliest infusion was of simple arithmetical 
schemes for establishing an intercalation cycle and 
for determining the length of daylight, derived from 
Akkadian sources, transmitted through Achemenid 
Iran, and embodied in a text called the Jyottsa- 
veddnga that was composed in northwestern India 
by Lagadha in, probably, the late fifth or early 
fourth century B.c.2 This was followed by the 
translation of various Greek texts on astrology and 
astronomy into Sanskrit in western India in the 
second, third and fourth centuries a.p. These texts ex- 


1 For a technical account of Indian astronomy see D. Pingree, 
“Essay on the History of Indian Astronomy,” Dictionary of 
Sctentific Biography 15 (New York, 1978), pp. 533-633. 
Biographical and bibliographic information οὐ individual 
astronomers and their works can be found in D. Pingree, 
Census of the Exact Sciences in Sanskrit (henceforth CESS), 
of which there have so far appeared in Series A vols. 1-3, 
Memotrs Amer. Philos. Soc. 81, 86, and 111 (Philadelphia, 
1970, 1971, and 1976). Vol. 4 is now in the process of being 
prepared for publication. 

3 Ὁ. Pingree, ‘‘The Mesopotamian Origin of Early Indian 
Mathematical Astronomy," Jour. History of Astronomy 
(henceforth JHA) 4 (1973): pp. 1-12. 


pounded several different astronomical systems: 
one represented Greek adaptations of the lunar, 
solar, and planetary theories developed in Mesopo- 
tamia during the Seleucid and Parthian periods; 
another seems to have been closely related to what 
little we know of Hellenistic astronomy, and spe- 
cifically to the theories of Hipparchus; and a third 
preserved planetary models devised by Peripatetic 
philosophers to solve the problem of the anomalous 
motions of the planets, while salvaging the Aristo- 
telian principle of concentricity—that is, retaining 
a fixed distance for each of the planets from the 
center of the universe.‘ The preservation of this 
Greek material is one of India’s greatest contribu- 
tions to the history of science.’ But each of these 
astronomical systems was transformed in India into 
something somewhat different from what one ex- 
pects in a cuneiform or a Greek text; such trans- 
formations are only to be expected when an intel- 
lectual system is introduced into an alien culture. 
Fortunately, the nature of an advanced astronomical 
theory is such that it cannot be altered beyond 
indisputable recognition; such elements as _ the 
theory of epicycles and eccentrics can only have 
been developed within the specific traditions of 
Greek science, and astronomical parameters which 
are the result of complex interrelationships of ob- 
servation and theory cannot have been independently 
arrived at in Mesopotamia, Greece, and India. 

The derivation of their mathematical models 
(arithmetical from the Babylonians, geometric from 
the Greeks) and their basic parameters from ex- 
ternal sources, of course, explains the lack of con- 
cern with observational astronomy in India. By this 
I do not mean that there was no interest in looking 
at the stars and planets, but that there was no 
tradition of systematic observations designed to 
test and improve theory nor any tradition of in- 


* Represented by the Yavanajdtaka of Sphujidhvaja, ed. 
D. Pingree, Harvard Oriental Series 48 (Cambridge, Mass., 
1978), and by the siddhantas of Vasistha, Romaka, and 
Pauligéa summarized by Varahamihira in his Paftcasiddhantika, 
ed. O. Neugebauer and Ὁ. Pingree (2 v., Kgbenhavn, 1970- 
1971). 

‘D. Pingree, “On the Greek Origin of the Indian Planetary 
Model Employing a Double Epicycle,” JHA 2 (1971): pp. 
80~85 ; and “Concentric with Equant,"’ Archives Internationales 
a' Histoire des Sciences 24 (1974): pp. 26-29. 

5 Ὁ. Pingree, ‘‘The Recovery of Early Greek Astronomy 
from India," JHA 7 (1976): pp. 109-123. 
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strumentation useful for astronomy. Early Indian 
astronomers, such as Brahmagupta® in his Braéhma- 
sphutasiddhania, written in 628 a.p., do assert the 
superiority of their systems over others in producing 
a coincidence between predictions and observations ; 
but these claims, in the light of the erroneous 
parameters for planetary mean motions and equa- 
tions and other astronomical constants utilized in 
all Sanskrit texts, are not credible. An investigation 
of Brahmagupta’s coordinates of the fixed stars, 
for instance, in relation to which observations of 
the planets would have been made, reveals that 
there is no set of stars visible in the sky that would 
fit the positions he gives. In fact, there is no ac- 
curate star-catalog to be found in the Sanskrit 
texts before Mahendra Siri’ translated a Persian 
version of an excerpt from Ptolemy’s star-catalog 
in 1370. 

Mahendra’s work, the Yantrardja, was the first 
to describe a useful observational instrument, the 
astrolabe, in Sanskrit. The early Indian treatises 
contain elaborate explanations of mechanical toys 
(water-driven revolving globes and elaborate clep- 
sydrae in various animal, bird, and human forms), 
and of impractical wooden rings and hemispheres, 
but the basic observational instrument used by 
Indian astronomers was the simple gnomon for 
measuring the sun’s shadow, from which various 
problems of local time or latitude could be solved. 
The only description of an observation of a heavenly 
body given by Brahmagupta, and also by his con- 
temporary Bhaskara,® involves the extravagant 
construction, through the use of vertical staffs of 
appropriate length erected on a level platform, 
of a physical model of the computed sines of the 
altitudes of the sun and the moon or of two other 
planets at conjunction. The execution of such a physi- 
cal model would not be very difficult, but the astro- 
nomical theory behind it did not possess the required 
accuracy in the prediction of the time of the con- 
junction such that an observation made at that 
time would succeed. In any case, both Brahmagupta 
and Bhaskara expressly state that the purpose of 
these observations was to impress the king or other 
patron of the astronomer, not to improve the 
astronomy. One hopes that they had at least oc- 
casional success. 

Historically one knows that the attempts by 
Indian astronomers to predict correctly those luni- 
solar conjunctions and oppositions that result in 
eclipses met with frequent failure. The importance 
of such predictions lay in the fact that eclipses 
were regarded as omens boding ill for the kingdom. 
From the late sixth century on, beginning in western 


6 CESS Α4. 
7 CESS Α4. 
® CESS A4. 


India, but spreading thence to other areas of central 
and northern India, this potential ill was averted 
by the pious donation of land to Brahmanas. 
Fortunately, these donations were recorded on 
copper plates, of which many have survived.® It 
was the practice to issue these plates in advance, 
but to date them on the day of the eclipse. In a 
large number of cases no eclipse was in fact visible 
in the locality of the grant on the given date. 
This, of course, was no argument against the ac- 
curacy of the prediction made by the court as- 
tronomer, but rather evidence of the efficacy of 
the donation of land to Brahmanas, which averted 
not only the evil potentially indicated by an eclipse, 
but the eclipse itself. In one case, however, we 
learn from a copper-plate grant issued in 1128 
that the astronomer Padmandbha,” at the court 
of the Kalaciri ruler of Ratnapura, Ratnadeva II, 
actually managed to predict a total lunar eclipse 
correctly. The rarity of such successes is indicated 
by his being rewarded with the grant of a village 
called Cificatalai. The only other records that have 
come down to us of Indian observations are those 
made by Parame$vara." He observed five predicted 
lunar and eight predicted solar eclipses at Gokarna 
and elsewhere on the Malabar Coast between 1398 
and 1432. He also claims to have utilized these 
and other observations in establishing the parame- 
ters of his drgganita (observation-computation) sys- 
tem, but in fact those parameters seem mainly to 
be derived from the already existing Suryasiddhanta ; 
Paramesvara simply expressed them in an unusual 
form. 

If we accept, then, that observation played 
almost no role in Indian astronomy, what did 
Indian astronomers do? Most of them, like their 
contemporaries in other countries, merely copied 
in various combinations the works of their prede- 
cessors. The few who tried to do something new 
turned to the mathematics utilized by astronomy. 
This approach is already evident in the earliest 
period of Indian adaptations of foreign astronomical 
systems, and undoubtedly reflects the strength of 
the Indian tradition of mathematics applied, for 
example, to the geometry of the bricks utilized in 
building gigantic animal- and bird-shaped altars 
for Vedic sacrifices. The texts that give the rules 
for shaping and combining these bricks, the Sul- 
basttras, are certainly earlier than the Sanskrit 
translations of Greek astronomical works, and 
represent but one aspect of an early Indian mathe- 
matical tradition.'*2 When the Greek astronomical 


® An as yet incomplete search of the epigraphical literature 
has turned up more than fifty examples. 

0 CESS A4. 

1 CESS Α4. 

12 See, e.g., B. Datta, The Science of the Sulba (Calcutta, 
1932). 
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texts were translated, then, one of the ways in 
which they were transformed was the alteration 
of their mathematics. The Hipparchan trigono- 
metrical function, the chord, was replaced by the 
sine, cosine, and versine functions; the analemmata 
that Hipparchus apparently had used for solving 
certain problems in spherical trigonometry were 
exploited most effectively by the Indians in ap- 
plication to gnomon-problems ; the Euclidean theory 
of continuous fractions was used to solve indeter- 
minate equations which arose from the problem 
of ascertaining the numbers of rotations of the 
planets in a Kalpa or period of 4,320,000,000 years; 
and various methods of approximation were de- 
veloped for the determination of the equations of 
the planets. Indeed, the predilection for approxi- 
mations is one of the characteristics of Indian 
astronomy, though it is combined with a delight 
in complexity. An example of the latter trend is 
an extraordinarily involved and lengthy solution 
of the problem of the altitude of the sun in the 
special case when it is 45° to the east or west of 
the meridian. Very much simpler general solutions 
of the problem of solar altitude, which work per- 
fectly well for these special cases, were also known, 
but the elaborate solution was obviously regarded 
with great pride. Some of the work on the mathe- 
matics applicable to astronomy undertaken by 
Indian scientists was, however, of a very high 
order. One especially admires the investigations of 
the applications of various series undertaken first 
by Madhava of Sangamagrama" in Kerala in about 
1400; he discovered equivalents of the Taylor 
series for finding sines and cosines, of the Gregory 
series for the arc of tangent x, and of the Leibnitz 
series for 7/4, and he developed approximations 
to Newton’s power series for sines and cosines." 
Indian astronomers also devoted much effort, espe- 
cially in Gujarat and Rajasthan in the eleventh 
through the eighteenth centuries, to devising tables 
of various functions and forms for the convenient 
solution of a number of astronomical problems.'® 
Some of these innovations in mathematics influenced 
Sasanian and early Islamic astronomy,'* and, 


CESS A4, 

ΜῈ, C. Gupta, ‘‘The Madhava-Gregory Series,” Mathe- 
matics Education 7 (1973): pp. 67-70; and ‘‘Madhava’s and 
Other Medieval Indian Values of Pi,’’ Mathematics Education 
9 (1975): pp. 45-48; and A. K. Bag, ‘“‘MAdhava’s Sine and 
Cosine Series,” Indian Jour. History of Science 11 (1976): 
pp. 54-57. 

15 Ὁ, Pingree, ‘‘Sanskrit Astronomical Tables in the United 
States,’’ Trans. Amer. Philos. Soc. 58, 3 (1968); and Sanskrit 
Astronomical Tables in England (Madras, 1973). 

16D. Pingree, ‘‘Indian Influence on Sasanian and Early 
Islamic Astronomy and Astrology,” Jour. Oriental Research, 
Madras 34-35, 1964-1966 (1973): pp. 118-126; and ‘‘The 
Greek Influence on Early Islamic Mathematical Astronomy,” 
Jour. Amer. Orient. Soc. 93 (1973): pp. 32-43. 


through Arabic intermediaries, the medieval as- 
tronomy of Byzantium and Western Europe.!” The 
most lasting Indian contribution in this area was 
the use of modern trigonometrical functions, but 
the full understanding of these functions and 
especially their use in spherical astronomy were 
due to Islamic scientists of the tenth century and 
later, and were transmitted to India only in the 
seventeenth century. 8 

In the course of developing the mathematics of 
astronomy, the Indians usually devised many alter- 
native solutions to the same problem, some of 
which were precise, while others were approxima- 
tions of various levels of accuracy. It is a charac- 
teristic of the Indian scientific (or rather §dstraic) 
tradition that learning tends to be cumulative at 
the expense of being self-consistent. This charac- 
teristic is expressed in astronomical treatises or 
stddhantas by the collocation of many solutions of 
varying validity for each problem without any 
attempt, usually, to distinguish the better from 
the worse. This results obviously in great unevenness 
and a lack of consistency in these treatises, and 
reflects the absence of a rigid methodology that 
helped to inhibit the growth of as fruitful a mathe- 
matics in India as existed in Greece or in Islam. 

But inconsistency is only one difficulty that con- 
fronts the reader of a Sanskrit astronomical treatise. 
These sitddhaéntas, which were used for the instruc- 
tion of students, were written in verse, ostensibly 
so that they could be readily memorized, but in 
part at least to display the versatility of their 
authors. The exigencies of the meter and the tradi- 
tions of the genre prescribed the exclusion from the 
text both of the rationales for the computational 
rules and of essential parts of those rules themselves. 
The practical result of these exclusions was that 
the siddhanta could not be understood without the 
help of a guru or teacher. Of course, commentaries 
were composed on many of the stddhéntas, but 
typically they merely fill in the missing parts of 
the versified rules and give worked examples; they 
never address the real problems of astronomical 
theory. The student would, of course, not learn 
from the texts anything about the observational 
basis of the astronomical system it expounds; this, 
as we have seen, is because that basis was developed 
outside of India and never transmitted to India. 
But he would also not learn from the siddhdntas 
the mathematical bases of the algorithms it pre- 
scribed. It is obvious, however, from the continued 
vitality of the mathematical aspects of astronomy 
in India that some instruction was available. This 


1 Ὁ, Pingree, “Τῆς Indian and Pseudo-Indian Passages in 
Greek and Latin Astronomical and Astrological Texts,’’ 
Viator 7 (1976): pp. 141-195. 

18D. Pingree, ‘Islamic Astronomy in Sanskrit,”’ to appear 
in Jour. History of Arabic Sctence. 
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was through an oral tradition, a guruparampard, 
often maintained within a family in which father 
taught sons, and all utilized a common library of 
astronomical manuscripts. We know, for example, 
of one such family that flourished from the tenth 
century till the thirteenth. One of its early mem- 
bers, Bhdaskara Bhatta, was awarded the title 
Vidyapati for his proficiency by the royal astrono- 
mer and polymath, Bhojaraja of Dhara, in the 
early eleventh century. In the fifth generation from 
him was the most famous of Indian astronomers, 
also named Bhaskara;' and this second Bhaskara’s 
grandson, Cangadeva,” and grandnephew, Anan- 
tadeva,”! founded a matha or college for the study 
of Bhaskara’s works in 1207. Other families of 
equally long or longer duration are known from 
later times. But there are also cases of such families 
of astronomers sending their sons to extra-familial 
gurus to be trained. The most famous of these 
gurus was GaneSa,” who lived in a town named 
Nandipadra near the mouth of the Narmada in 
the first half of the sixteenth century. He trained 
not only his own sons and nephews, but several 
sons of astronomical families from Vidarbha and 
elsewhere. These Vidarbhans later settled in Kaéi 
(that is, Benares), where their descendants a century 
and more later would still proudly proclaim that 
their ancestors had studied with Gane§a. 

GaneSa developed his own astronomical system, 
which was an amalgam of elements from several 
existing systems chosen, he claimed, for their 
superiority as determined by observation. The ob- 
servations, however, only confirmed existing pa- 
rameters; they did not determine new ones. In 
general, the system of education within families 
ensured conservatism since most astronomers would 
never become aware of any system not taught by 
their fathers and not represented in their family 
libraries. For this reason each of the five paksas or 
schools of astronomy that developed in India from 
the two systems derived from Greek sources in the 
fifth century had its own territory in which it was 
almost absolutely predominant. These provincial 
schools very rarely communicated with each other; 
and so, for instance, the brilliant mathematical 
investigations into power series made in Kerala 
were not known in any other part of India, and 
the adaptation of an advanced trigonometry from 
the 277 of Ulugh Beg by the astronomers of Kasi 
and Delhi in the seventeenth century had little 
influence outside of those cities. The spread of 
Ptolemaic astronomy, begun in the seventeenth 
century and continued by the panditas of Jayasimha”™ 


1% CESS A4. 

® CESS A3, 39b—40a. 

31 CESS ΑἹ, 414-410. 

® CESS A2, 94a~-106b; A3, 27b~28a; and A4. 
2 CESS A3, 634-640: and A4. 


in the eighteenth, was fiercely and successfully 
resisted. And when a Western educational system 
was introduced into India in the nineteenth century, 
while other Sdsivas like astrology and medicine were 
able to survive, Indian astronomy and mathematics 
were unable to complete and rapidly vanished. But 
the traditional astronomer, despite the limitations 
of his science that are apparent to us, had per- 
formed two very useful functions in Indian society. 
He computed the annual calendars or paficangas 
which gave the dates both of extraordinary celestial 
events and, more importantly, of the festivals which 
depend on the complex computations of the be- 
ginnings of local “thts or lunar days. Many of the 
Vedic liturgical performances were regulated by the 
tutht, as were also more popular and local religious 
observances. And second, the astronomers com- 
puted the tables used by astrologers in casting 
horoscopes, and often acted as astrologers them- 
selves. The number of such experts that were 
needed in India was vast. One consequence of this, 
and of the diffusion of instruction through families 
rather than through centralized educational institu- 
tions, was the creation of a vast literature in the 
field and the production of innumerable manuscript 
copies. There still exist today, despite the final 
demise of the tradition of composing and copying 
these astronomical texts in about 1900, approxi- 
mately 10,000 separate works that deal with some 
aspect of the exact sciences in Sanskrit, and probably 
100,000 manuscripts. The remarks I have made in 
this paper are based on the reading of only a small 
portion of this enormous production: the hundred 
or so texts that have been published, and a couple 
of thousand manuscripts to which I have had ac- 
cess. It is possible that in the remainder is hidden 
material that would require a reassessment, radical 
or otherwise, of Indian astronomy, though that is 
unlikely. It is certain, however, that much material 
of great historical interest remains to be discovered, 
even if we often cannot be overly enthusiastic 
about the level of astronomical competence dis- 
played in these texts. But it is equally certain that 
time will rapidly destroy a sizeable percentage of 
the 100,000 manuscripts before they are exposed 
to competent eyes. Manuscripts in India in general 
do not survive the climate and the insects for more 
than three hundred years; they need to be copied 
or to be properly preserved in suitably equipped 
libraries. Such modern libraries are scarce, and the 
family and scribal traditions that formerly re- 
plenished the old pustakdlayas have died with the 
usefulness of the §dstra. One of the many prices 
that India and the rest of the world are paying for 
its Westernization is the loss of this part as much 
else of its cultural heritage. 
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This article examines the origins of the purfnic and jyotisa cosmologies, showing which of the 
elements in cach were influenced by Babylonian and Greek ideas, and how the jyotisis adapted to 
their own system what purdnic ideas they could while rejecting all others. The key jyotisa text, 
the Paitamahasiddhdnta, is paradoxically preserved in an upapurana, the Visnudharmotiara- 
purdna. \t is further shown that a movement to reconcile the cosmology of the astronomers with 
that of the puranas began in the late seventeenth century, perhaps in an attempt among Indian 
intellectuals to close ranks against the perceived threat to their traditions posed by Islamic and 


European astronomy. 


THERE EXIST IN A NUMBER of purdnas, as Kirfel’ has 
demonstrated, two descriptions of the universe having 
a common source. In this common source the earth, 
prthivi, with its seven concentric pairs of continents 
and oceans.” is a horizontal disk in the center of a 
vertical universe enclosed in the brahimdnda. That 
universe contains seven /okas above’ and seven patdlas 
below.’ The first three of the upper seven constitute 
the Vedic triad—the bharloka being the surface of the 
earth, the bhuvarloka the region between the earth 
and the sun, and the svarloka the region between the 
Sun and Dhruva, the pole-star. From the center of 
the earth rises mount Meru,’ which acts somewhat as 
does the Vedic aksa or axle that connects heaven and 
earth (which occurs only as a simile for Visnu!),° 
though the name Meru (or rather, Mahameru) appears 
first in Vedic literature only in the 7aittiriydranyaka 
(1.7.1.2); for Meru in the puranic text is the axle 
around which the wheels carrying the celestial bodies 
rotate. It also serves the function, as do Anaximenes’ 
“higher parts of the earth,” of explaining the dis- 
appearances of the Sun, the Moon, and the naxsatras. 


ΕΝ, Kirfel, Das Purana vom Weltgebdude (Bonn, 1954), 
17-12 and [1 9-13 (henceforth cited as Kirfel, Purana). 

2 Kirfel, Purdna, | 4: ll 1, 6-36; and UV δ. See also 
W. Kirfel, Die Kosmographie der Inder (Bonn and Leipzig, 
1920), 56-127 (henceforth cited as Kirfel, Kosmographie). 

* Kirfel, Purana, 1 7, 7-14; 11 6, 134-35; and 11 9, 20. See 
also Kirfel, Kosmographie, 128-30. For the Vedic /okas see 
J. Gonda, Loka (Amsterdam, 1966). 

* Kirfel, Purdna, 1 5 and ΠῚ 7. See also Kirfel, Kosrnogra- 
phie, 143-47. 

* Kirfel, Purana, 1 2, 3-12, and Il 2, 15-47, etc. 

ὁ Kirfel, Kosmographie, 7. 


Above these circle the Saptarsis’—Ursa Maior—pre- 
sumably because that constellation, as was noted in 
the Babylonian omen series, μια Anu Enlil, never 
disappears from the night sky. The cakras of these 
Jyotimsi are rotated by chords of wind that bind them 
to Dhruva, which is located on the tail of the starry 
SiSumara or Dolphin.* Dhruva is also a late concept; 
it first appears in the prescriptions for the marriage 
ceremony given in the grhyasiitras,’ though there only 
as an unmoved star, not as one pole of the axis about 
which the other celestial bodies revolve. 

The concepts of Meru and Dhruva serve to date 
this cosmology to the middle of the last millennium 
B.C. at the earliest. Indeed, the early Pali texts of the 
Buddhists refer to Himavat as the center of the world 
(Meru is substituted for Himavat only in the Mahd- 
vastu),'” and state that the cause of day and night is 
the circling by the Sun and the Moon about Sineru 
(Sumeru).'’ A firmer terminus post quem for the 
puranic text is found in a passage that occurs only in 
the Visnupurdna among representatives of version 1,"* 
but is in all of the bearers of version II of Kirfel’s 
text; this passage refers to the five year γέρα of 
Lagadha’s Jyotirvedanga with some of its characteris- 


-««------------ὐνσνσομηκοκοσο 


” Kirfel, Purana, 17, 2-4 and 5 c-d, and II 13, 106 and 108 
c~d. 

* Kirfel, Purana, 1 9; 1 12, 24-29; 11 10: and 11 12. 

° A. A. Macdonell and A. B. Keith, Vedic Index, 2 vols. 
(rpt. Varanasi, 1958), 1: 405-6. 

° Anguttaranikdya, etc., cited by Kirfel, Kosmographie, 
182; οἵ, p. 184. 

" Jataka cited by Kirfel, Kosmographie, 190. 

1 Kirfel, Purdna, 1 8, 29-122. 
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tic parameters, such as the ratio, 3:2, of the longest to 
the shortest length of daylight in the year; the 
astronomy of the Jyotirvedanga was greatly influenced 
by ideas introduced into India from Mesopotamia, 
presumably through Iranian intermediaries, in about 
400 μι. ἢ Another Mesopotamian theory that appears 
in this passage is that of the three paths of heaven to 
the north, the middle, and the south, which the 
Babylonians had associated with their gods Enlil, 
Anu, and Ea respectively. These paths and their 
elaborations appear in Sanskrit texts on celestial 
omens which are dependent on the Babylonian series 
Eniima Anu Enlil as three vithis or paths;’> in the 
puranic texts they are the ndgavithi to the north, a 
madhvamamarga in the middle, and the ajavithi to 
the south.'® But the same passage of the purdnic text 
refers to the twelve zodiacal signs, and places the 
equinoxes and solstices at the beginnings (the ends, 
mistakenly, in version 1) of Mesa and Tula and of 
Makara and Karkata. This points to a time after the 
introduction into India of Greek astrology in the 
second century A.D.” 

The same late date-—after about 150 A.p.—for 
the whole purfinic text is indicated by its placing the 
five planets between the naksatramandala and the 
saptarsimandaia in the order established by the Greeks 
in the third century 8.c., but introduced into India, 
again with Greek astrology, in the second century 
A.D.;'* this ascending order is: Mercury, Venus, Mars, 
Jupiter, and Saturn, above which the puranic text 
adds the Vedic Svarbhanu or Rahu with his non- 
Vedic tail, Ketu, to account for the occurrences of 
solar and lunar eclipses.’ Not only is the text forced 
δ Ὁ Pingree, “The Mesopotamian Origin of Early Indian 
Mathematical Astronomy,” JHA 4 (1973): 1-12. 

δ Ὁ, Pingree, “Venus Omens in India and Babylon,” in 
Language, Literature, and History, AOS 67 (New Haven, 
1987), 293-315, 

ἰδ See also Kirfel, Purana, 1 9, 55-57. 

'" For this introduction of Greek astrology into India see 
D. Pingree, The Yavanajdtaka of Sphujidhvaja, 2 vals. 
(Cambridge, Mass., 1978). 

'® This order lies behind that of the planetary week-days 
mentioned first in India in Yavanajaitaka 77. 2-8. At about 
the same time as Yavaneévara made the prose translation of 
the Greek astrological text that is the basis for Sphujidhvaja’s 
work, the Sdtavahana queen, BalaSri, in an inscription at 

Nasik (δἰ 8 (1905-6): 60-65) gives the order Moon, Sun, 
naksatras, and planets, in which only the sequence of the two 
luminaries differs from that of the purdnic text. 

” Kirfel, Purana, 7,5 a—b; 1 12, 16-23; I 12, 2-4; and 1 
13, 107-9, 
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by its theory of the Sun and the Moon (the Moon is 
above the Sun) to introduce external forces-——-Rahu 
and Ketu—to act as the causes of eclipses; it also 
cannot ascribe the waxing and the waning of the 
Moon to their true physical causes, and therefore 
introduces the idea that Soma, the Moon, is drunk 
alternately by the Devas and the Pitrs.°° The Purana 
text also devotes many verses to enumerating the 
beings who accompany the Sun’s chariot in each of 
the twelve months;”' the first verse of this section in 
the version of the Visnupurdna (2.10.1) gives the 
number of tracks on the Sun’s wheel as [83, cor- 
responding to the 183 sidereal days in an ἀγαπᾶ 
according to Lagadha’s Jyotirvedanga. 

The terminus ante quem for the puranic text is pro- 
vided by the cosmographical angas of the Svetambara 
Jainas—-the Jambiidvipaprajnapti, the Saryaprajnapii, 
the Candraprajfiapti, and the Jivabhigamastira— 
which were put in their present form in the early sixth 
century A.D.; for they provide a greatly elaborated 
version of the puranic tradition.” Some of the puranas 
which contain one or the other of the versions of the 
puranic cosmological text are probably as old as the 
fifth century, so that a date sometime in the third or 
fourth century Α.Ὁ. for their common source seems 
quite likely; we shall see that this cosmology was 
known to Indian astronomers in about 400 a.p. 

But another puranic tradition was also adopted by 
the astronomers—that of the Aalpas, manvantaras, 
caturyugas, and yugas, which appear as the chrono- 
logical framework in the paficalaksana core of the 
puranas’ as well as in the Sdntiparvan of the Maha- 
bhdrata (12.224) and in the Manusmrti (1.64-86). A 
date of about the second century A.p. for this chrono- 
logical system cannot be very far from the truth; the 
kappa, of course, occurs much earlier in the Buddhist 
tradition, including the ASokan inscriptions, but its 
duration is not in these early references specified.” 

The basic parameter of the yuga system is the 
kaliyuga of 432,000 years; this is a number derived 
from Babylon, where it was regarded as the period of 
the kings who reigned before the Flood. In the 
Babylonian sexagesimal system of writing numbers, 
432,000 is 2,0,0.0 (.e., 2 x 603). In India this number 
was combined with the decimal system, with the idea 


ἢ Kirfel, Purana, 112, 1-15, and Tl 11, 58-76. 

*' Kirfel, Pur@na, 110, 1-21, and IL 11, 1-36. 

” Kirfel, Kosmographie, 214-61 and 278-91. 

"7 W. Kirfel, Das Purana Paficalaksana (Leiden, 1927), 
12-14. 

* Ὁ Pingree, “Astronomy and Astrology in India and 
Iran,” fsis 54 (1963): 229-46, esp. p. 224. 
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of four ages, and with a theory of those ages” propor- 
tional decline, so as to produce the caturyuga of 
4,320,000 years in which the four yugas are in the 
ratio 4:3:2:1. The kalpa was defined as 1,000 catur- 
yugas or 4,320,000,000 years; and this period was 
divided, rather unsatisfactorily, among the 14 Manus. 
All of these numbers could be expressed in “divine 
years,” of which each equals 360 human years; in this 
transformation the kaliyuga is 1,200 divine years, the 
caturyuga 12,000, and the kalpa 12,000,000. 

From Lagadha’s Jyotirveddnga, Sphujidhvaja’s 
Yavanajataka, and Varahamihira’s Paricasiddhantika 
we know that other yugas were used for astronomical 
purposes in India. Thus, the Jyotirveddnga, as we 
have noted above, uses a Vedic five-year yuga as a 
rough intercalation cycle; its parameters reappear in 
the first Pait@mahasiddhanta, whose epoch is 80 A.p. 
and which is summarized by Varahamihira.”° A luni- 
solar yuga of 165 years is found in the Yavanajataka 
(79.2-10 and 14-20), whose date is 269/270 a.p. And 
the Romakasiddhanta summarized by Varahamihira”® 
has a yuga of 2850 years that is the smallest number 
of Hipparchan years of 6,5;14,48 days each that is 
also a multiple of the Babylonian nineteen year cycle 
(usually called “Metonic” in the West} and contains 
an integer number of days. In Greece earlier attempts 
had been made to find a magnus annus in which all 
the planets make an integer number of rotations; 
these efforts were ultimately inspired by a passage in 
Plato’s Timaeus (39 B-D). 

In about 400 a.p. someone in India who had access 
to Greek astronomical texts which were in many 
respects based on the work of Hipparchus and other 
Hellenistic astronomers,” but whose planetary models 
in part represented Peripatetic reactions to the tradi- 
tion of Greek mathematical astronomers since Apol- 
lonius,’* attempted to combine these Greek traditions 
with the cosmology and chronology of the puranas. 


> Pafcasiddhantika 12. For the history of jyotisa literature 
see D. Pingree, Jyotihsdstra (Wiesbaden, 1981); Census of 
the Exact Sciences in Sanskrit, series A, vols. 1-4 (vol. 5 in 
preparation) (Philadelphia, 1970-81); and “History of Mathe- 
matical Astronomy in India,” Dictionary of Scientific Bio- 
graphy, vol. 15 (New York, 1978), 533-633. In these three 
works will be found supporting documentation for most of 
the statements made in the remainder of this paper. 

“ἢ Paticasiddhantika 1. 15. 

*7 1). Pingree, “The Recovery of Early Greek Astronomy 
from India,” JHA 7 (1976): 109-23. 

8 1. Pingree, “On the Greek Origin of the Indian Planetary 
Model Employing a Double Epicycile,” JHA 2 (1971): 80-85. 
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His efforts are embodied in the second Paitdémaha- 
siddhanta,”’ which is fortuitously preserved for us in a 
purana—or rather, despite its early age and incredible 
bulk, in an upapurana—the Visnudharmottarapuradna 
(11. 166-74). 

The Visnudharmottarapurana is a compilation of 
many diverse elements, put together, it would seem, in 
Kaémira in the sixth or seventh century,’ perhaps 
during the reign of one of the early Karkota kings in 
the last three quarters of the seventh century when 
KaSmira was powerful and prosperous. The first Kar- 
kota, Durlabhavardhana, as we know from Kalhana’s . 
Rajatarangini (4.4 and 6), was a devout worshipper of 
Visnu. It brings together many separate treatises on 
technical Sastras, such as grammar and lexicography, 
alankaéra and prosody, nataka and nrtta, gita and 
instrumental music, Silpa and citra, Ayurveda and 
pakaSastra, as well as more traditional puranic fare. 
The text on astronomy that the compiler chose to 
incorporate was the Paita@mahasiddhdnta, which is a 
prose work in the form of a dialogue between Bhrgu 
and Brahma. Its first chapter deals with military 
astrology in the form of omens similar to those 
developed in the last few centuries ΒΟ. from the 
Babylonian astral and terrestrial omens that had been 
introduced into India during the Achemenid period. 
The second chapter gives some basic information 
concerning the Greek astrology that had come to 
India through such translations as YavaneSvara’s 
Yavanajdtaka of 149/150 ap. The remaining seven 
chapters are devoted to the new astronomy in which 
Greek theories are modified to fit in with some Indian 
traditions. This new astronomy of the Paitaémahasid- 
dhania is the direct ancestor of the premier paksa of 
Indian astronomy, the Brahma, and was clearly known 
to and modified by Aryabhata, the author in the late 
fifth century (he was born in 476) of the two other 
early paksas, the Arya and the Ardhar@trika. All later 
Indian paksas descended from these three, though the 
infusion of elements of Islamic astronomy beginning 
in the tenth century led to modifications of some of 
them in limited areas. 


** 1D. Pingree, “The Paitdémahasiddhania of the Visnudhar- 
mottarapuradna,” Brahmavidya 31/32 (1967-68); 472-510. 

* A lengthy discussion of the Visnudharmottarapurana 
together with a list of its contents is given by R. C. Hazra, 
Studies in the Upapurdnas, vol. 1 (Calcutta, 1958), 155-218. 
Hazra dates the work between 400 and 500 a.p.; Priyabala 
Shah, Visnudharmotiarapurdana, vol. | (Baroda, 1958), xxvi, 
places its date between 450 and 650. But both of these dates 
are based on those of the texts incorporated in the upapurana, 
and therefore are only termini post quos. 
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The date of the Paitiémahasiddhdnta is pushed to 
the beginning of the fifth century not only by the fact 
that Aryabhata at the end of that century was able to 
draw upon it, but more importantly by the fact that in 
about 450 A.p. one of its characteristic parameters, 
the longitude of the apogee of the Sun computed for 
that date, was known at the Sasanian court at 
Ctesiphon. This means, as we shall see, that a text 
going further than the Paitamaha itself in expounding 
the new astronomy, already existed and had been 
transmitted to Iran by the middle of the fifth century; 
the early decades of that century, then, constitute the 
last possible date of the Pait@maha, which may well, 
then, have originated in the same intellectual ferment 
of the Gupta Empire that produced Kalidasa and so 
many others. 

The author of the Paitamaha, perhaps following the 
lead of the Greek computations of the magnus annus, 
adapts the puranic cosmological system to the prob- 
lems both of finding the mean longitudes of the 
planets and of determining the longitudes of the 
planets’ apogees and nodes at any particular time. For 
a kalpa of 4,320,000,000 years is long enough that 
each of these elements can be positioned at Aries 0° at 
its beginning and endowed with an integer number of 
rotations during its course such that, for the Sun, the 
Moon, and the planets, their mean velocities are 
essentially correct, and, for the apogees and nodes, 
their longitudes within historical time are correct. 
Following its pretence to be based on a revelation 
made at the beginning of the kalpa, however, the 
Paitamaha does not say how much time had elapsed 
from that beginning till the time when it was com- 


posed. Later texts inform us that the interval between _ 


the beginning of the kalpa and that of the current 
kaliyuga was a period of 432,000 years multiplied by 
4567, or 1,972,944,000 years. 

The mathematical problem faced by the author of 
the Pait@maha in fitting the kalpa to the mean 
motions of the planets was simple. Given certain 
period relations which tell one that a planet makes x 
sidereal revolutions in y years, such as were common 
in both Babylonian and Greek astronomy and had 
already appeared in India in the Vasisthasiddhanta 
and the Paulisasiddhanta summarized in Varahami- 
hira’s Paficasiddhantikd, he had to find by proportion 
how many rotations each planet makes in 4,320,000,000 
years. He further faced the problem of securing an 
approximation to a conjunction of all the planets at 
the beginning of the current kaliyuga, and so had to 
find the number of rotations in a kalpa that had to be 
added to or subtracted from his initial values in order 
that each planet would make close to an integer 
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number of rotations in 1,972,944,000 years. This 
problem can be expressed as an indeterminate equa- 
tion of the first degree, and was brilliantly solved by 
the application of the algorithm of continuous frac- 
tions associated with the name of Euclid—the so- 
called kuttaka or pulveriser. The result is that the 
Paitémaha can list the number of rotations that each 
planet makes in a kalpa—4,320,000,000 for the Sun; 
§7,753.300,000 for the Moon; 2,296,828,522 for Mars; 
17,936,998 984 for Mercury’s Sighra; 364,266,455 for 
Jupiter; 7,022,389,492 for Venus’ Sighra; 146,567,298 
for Saturn; 488,105,858 for the Moon’s apogee; and 
232,311,168 for the Moon’s node—and be certain that 
these will produce reasonably accurate mean longi- 
tudes of the planets within his own time and for 
centuries thereafter. And he didn’t have to make a 
single observation. For the apogees and nodes his task 
was even simpler. He had only to know where they 
should be in his own time, and to endow them with 
small integer numbers of rotations in a kalpa chosen 
so that they would have arrived at their proper 
positions at the beginning of the current kalipuga but 
be moving so slowly that they would still be there 
three or four thousand years later. 

You may have noticed that the numbers of rotations 
in the cases of the two inferior planets, Venus and 
Mercury, are those of their Sighras—that is, of their 
conjunctions with the Sun. This is because of cosmo- 
logical considerations. The author of the Pait@maha, 
of course, was adopting a Greek astronomical system 
that was based on the conception of the earth as a 
sphere within a pafijara or cage of internesting plane- 
tary and stellar spheres. He was rejecting the puranic 
flat earth cosmology, though, as we shall see, preserv- 
ing what puranic elements he could. One thing that 
the puranas did have correctly was the ascending 
order of the five star planets from the center of the 
earth, though they misplaced the Sun, the Moon, and 
the naksatras below them in following an older cosmo- 
logy of the first millennium B.c. In that exemplar of 
Greek astronomy or astrology whence the puranas 
had derived this order it was important to keep Venus 
below the Sun for, despite the actual order of the 
cakras, the puranic text groups the Moon, Mercury, 
and Venus together as moving fast, Mars, Jupiter, 
and Saturn together as moving slowly; | and in Indian 
astronomy, as in its Greek prototypes, the geocentric 
distances of the planets were regarded as inversely 
proportional to their velocities. Thus, the Moon which 
travels 13;10,3S° per day is the closest to the earth, 
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and Saturn which travels 0;2° per day is the furthest 

away. The mean velocities of the two inferior planets 
is the same as that of the Sun, so that to use that 
parameter would place all three at the same distance 
from the earth. And Venus’ mean daily motion on its 
epicycle is 0;36° while the mean daily motions of the 
Sun and of Mars are respectively 0;59° and 0;31°, so 
that the use of this parameter would place Venus 
between the Sun and Mars—which, indeed, some 
Greek cosmologists did. But one can keep Venus 
below the Sun and above Mercury by using the sighra 
motion, which for each of the inferior planets is the 
sum of the mean motion of the Sun and its proper 
motion on its Sighra epicycle; for the Sighra velocity of 
Mercury comes to be 4;5,32° per day, that of Venus 
1;36° per day, while the mean velocity of the Sun 
remains 0;59° per day. This was the solution adopted 
by the Indians; it also appears earlier in the Greek 
Keskinto inscription. 

Given the theory of the inverse proportionality of 
velocity to distance and the number of rotations that 
each planet makes in a kaipa, it is easy to compute the 
actual distance of each of the planetary spheres from 
the center of the earth as the author of the Paitdmaha 
instructs one to do, though he does not himself carry 
out the computations; one arrives at distances far 
different from those given in the puranic text. The 
Paitamaha’s author makes two preliminary assump- 
tions: one is that a minute in the orbit of the Moon 
equals 15 yojanas (this results from the estimate that 
the Moon’s horizontal parallax, which is the earth’s 

‘radius seen at the Moon’s distance, is 0:53°), and that 
each planet travels an equal number of pojanas in a 
kalpa—-a number that is equal to the orbit of heaven. 
This last assumption, of course, is just the common 
sense deduction that the velocity of each planet mea- 
sured in yojanas per time unit is a constant for all the 
planets. Since there are 21,600 minutes in a circle, there 
are 21,600 x 15 = 324,000 yojanas in the orbit of the 
Moon. The Moon circles this orbit 57,753,300,000 
times in a kalpa, so that in that period it travels 
§7,753,300,000 x 324,000 = 18,712,069,200,000,000 yo- 
janas, which is the number given in the Pait@maha for 
the circumference of the outermost sphere. If one 
divides this number by the number of rotations of any 
other planet in a kalpa, one will find the circum- 
ference of that planet’s orbit measured in yojanas; and 
then it is a simple matter to compute the radius of 
that circle, which is the distance of that orbit from the 
center of the earth. The circumference of the earth, as 
is implied by the computation from the horizontal 
parallax of the number of yojanas in a minute of the 
Moon’s orbit, is, as is also stated in the Patt@maha, 
5,000 yojanas. 


The celestial bodies in the Paitémaha and all subse- 
quent Indian astronomical texts, then, are arranged in 
a fashion different from the cosmology of the puranic 
text in every respect save the order of the five star 
planets. But the author of the Paitdmaha did not wish 
to depart altogether from the purdnic cosmology. 
Therefore, in order to preserve something from that 
tradition, he turned to geography and to celestial 
mechanics. In geography he made mount Meru that 
point on the earth’s surface through which the axis 
connecting Dhruva, the north pole, to its counterpart 
in the south passed, and asserted the existence of the 
city Lanka on the equator to the south of Meru such 
that the prime meridian passes over both. Later 
astronomers assert that the prime meridian passes 
also over Ujjayini, and add three cities on the equator 
at quadrants from Lanki—-Romaka to the west, 
Siddhapura to the north, and Yamakoti to the east. 
Varahamihira, in his Paficasiddhadntika (15, 22-23), 
written in the middle of the sixth century, was the first 
to identify these four cities explicitly with the four 
cardinal peoples of the puranic text-—-the Bharatas, 
the Ketumalas, the Kurus, and the Bhadraévas.”” 

On the subject of celestial mechanics the author of 
the Paitamaha says nothing, but later astronomers 
generally attribute the daily rotations of the heavenly 
spheres to the force of the purinic pravaha wind 
which is wrapped around the axis extending from the 
south pole through Vadavamukha and Meru to 
Dhruva; and the motions of the planets on their 
epicycles are explained as being caused by Asuras or 
Demons stationed at their manda and Sighra apogees 
tugging on chords of wind attached to the planetary 
chariots. 

One further gesture that the author of the Paita- 
maha makes toward Indian tradition is to justify the 
study of astronomy by quoting at the end of his work 
the final verse of Lagadha’s /yotirvedanga: 


veda hi yajridrtham abhipravrtiah 
kdlénupiirvd vihitas ca να πᾶ! 

tasmad idam kalavidhdnasdstram 
yo jyotisam veda sa veda sarvam 


The Vedas went forth for the sake of the sacrifices; 
the sacrifices were established as proceeding regularly 
in time. Therefore, he who knows jvotisa, this science 
of time, knows ail. 


The same justification for the study of astronomy, 
that it is necessary for the proper performance of the 


2 Kirfel, Purana, 1 2, 33, and Il 2, 47. 
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Vedic rituals, stayed alive in the tradition of the 
Brahmapaksa, and was popular again in the seven- 
teenth century when astronomers, searching for a 
basis of their science in the writings attributed to 
devas or to rsis, rediscovered the Paitamahasiddhanta 
in the Visnudharmottarapurana. Thus, the earliest 
manuscript of the Paitamaha as an excerpt from the 
upapurana was copied in §AKA 1563 = A.D. 1641; it is 
now known only from a nineteenth-century copy. 
Bhaskara in his Siddhdntasiromani (Grahaganita 
1.1.9) had already summarized Lagadha’s verse; 
Nrsimha in his Vasandvarttika, composed in K&si in 
A.D. 1621, quotes Lagadha in his comments on this 
verse, though perhaps directly from the Jyotirvedanga 
rather than through the Pait@maha. But elsewhere (on 
Grahaganita 2.34-35) Nrsimha states that Bhaskara 
obtained his planetary parameters from the Brahma- 
siddhdnta preserved at the end of the second kdnda of 
the Visnudharmottara, and again (on Grahaganita 
1.2.1--6) attempts to explain the disagreement between 
Pitamaha or Brahma in the Visnudharmottara (which, 
of course, belongs to the Brahmapaksa) and Brahma 
in the Sakalyasamhita (which belongs to the Saura- 
paksa) as due to scribal and other corruptions. In 
both cases Nrsimha is clearly discussing these texts 
because they were regarded as authoritative because 
of their ascriptions to a deity. Similarly, Kamalakara 
in the Siddhdntatattvaviveka (1.62) that he completed 
in Kasi in 1658, in defending the validity of the 
Saurapaksa to which he owed his allegiance, says: 


ced visnudharmottaram eva milam 
brahmam puranam vadasiha tat tu 

atantrikair naSitam eva piirvam 
sandrsyate sarvajanaprasiddham 


If you should say in this matter that the Brahma’s 
source is the Visnudharmotiarapurdna, yet this is 
seen, as is well known to all people, to have been 
destroyed previously by non-tantrikas, 


Others as well from among the astronomers of seven- 
teenth century K&si recognized the historical impor- 
tance of the Paitdmahasiddhania. But rather than 
relating their statements, which add little to what I 
have already said, | turn to consider what the jyotisis 
have to say directly concerning the purdnic text that I 
discussed at the beginning of this paper. The first 
astronomer to attempt to deal exhaustively with the 
puranic cosmological tradition was Lalla, who wrote 
his Sisvadhivrddhidatantra in the middle of the eighth 
century. He devoted adhikdra 19 (bhuvanakosa) of 
that work and adhikdra 20 (mithydjfdna) to this 
topic. In the bhuvanakosa he incorporates the flat 
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earth into the spherical cosmology by inserting the 
seven pdtalas into the interior of the earth; the seven 
oceans and the six dvipas beyond Jambiidvipa in 
the southern hemisphere (the names that he gives to 
the oceans and dvipas are closest to those found in the 
Vardhapurana), the mountain ranges, peoples, and 
rivers of Jambiidvipa over the northern hemisphere 
rather than on a flat surface. Moreover, he turns the 
three Vedic lokas—bhii, bhuvar, and svar-—into, re- 
spectively, the inside of the earth together with its 
southern hemisphere, the northern hemisphere (that 
is, Jambiidvipa), and Sumeru; and the four upper 
lokas in the puranic order--mahas, jana, tapas, and 
satya-—-into spheres filling the space between the nak- 
gatras and heaven, the Brahmandagola. That furthest 
sphere is surrounded by three great circles, the equa- 
tor, the prime meridian, and the ecliptic. The diurnal 
rotation of these celestial spheres is still powered by 
the pravaha wind (Sisyadhivrddhidatantra 18.3). This 
general solution to the problem of the incongruence 
of the purfnic and the jyotisa cosmologies is repeated 
in many siddhantas subsequent to Lalla’s. 

In his twentieth adhikdra, however, Lalla systemati- 
cally refutes with physical arguments the many un- 
acceptable doctrines of puradnic astronomy. These 
false notions include the ideas that solar and lunar 
eclipses are caused by R&hu, that the Moon is above 
the Sun, that Meru causes the darkness of night, that 
in the Arsnapaksa the Moon is being drunk by the 
Gods, that the earth is flat, and that it is supported by 
a tortoise, elephants, or some other physical supports. 
Lalla’s arguments against these false beliefs are based 
on inferences from observed phenomena, and are 
essentially correct; he lapses into an argument from 
authority only in the case of R&hu where, after 
proving that Rahu cannot be the cause of an eclipse, 
he states that it may be a concomitant because 
Brahma by his power causes the Sun to be near Rahu 
at the time of an eclipse. It is because of this 
concomitance, he believes, that the smrtis and the 
Vedasamhit4s claim that an eclipse is caused by Rahu. 

Lalla’s is indeed a powerful refutation of the puranic 
errors in astronomy, and his arguments were often 
repeated--e.g., by Sripati in the eleventh century in 
his Siddhdntasekhara, by Bhaskara in the twelfth in 
his Siddhdntasiromani, and by Jianardja in the early 
sixteenth in his Siddhd@ntasundara. As far as the 
astronomers were concerned, that is where the matter 
rested. Even in the sometimes heated exchanges that 
took place in the seventeenth century between parti- 
sans of traditional Indian astronomy and those who 
sought to change it by introducing elements, including 
cosmological concepts, derived from the Islamic inter- 
pretation and transformation of Ptolemaic astronomy, 
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the astronomers did not retreat from their rejection of 
those puranic beliefs that Lalla had refuted. The 
opposition of some to the Islamic system was indeed 
largely based on an appeal to revealed texts; but they 
turned to the Paitémaha and to the Saryasiddhdnia 
for their authorities, and ignored the purdnic text. 
However, in the late seventeenth and early eigh- 
teenth centuries two texts were written on the relation- 
ship between the puranic cosmology and jyotihsastra 
that seem to reflect some deepening awareness of the 
threat to the traditional Indian sciences. One was 
composed by Kevalarima, the Jyotisaraya of the 
court of Jayasimha at Jayapura from about 1730 on. 
He had written such works as a Brahmapaksanirasa in 
which he apparently refuted the school of astronomy 
that was started by the Paitdmahasiddhdnia, and a 
Drkpaksasarani based on the lunar theory of the 
seventeenth century French astronomer, de la Hire. 
But he also composed a Bhdgavatajyautisayor bhigo- 
lavirodhaparihara or Removal of the Disagreement 
between the Bhagavatapurdéna and Astronomy Con- 
cerning the Sphere of the Earth. Unfortunately, I have 
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not as yet been able to secure a copy of this work, and 
so cannot say how Kevalarama, who was among the 
first in India to study modern astronomy, sought to 
resolve the ancient conflict between the pauranikas 
and the jyotisis; but it will be possible in the future, I 
hope, to examine his arguments. 

Some decades before this jyotisi wrote, a pauranika 
had written a short work in 18 verses defending the 
puranic cosmology against that of the astronomers, 
claiming that the latter is not true but simply a useful 
tool for computations. This is the same attitude that 
late Greek Neoplatonists had adopted towards Ptole- 
my’s Almagest. The author of the Indian version of 
this denigration of mathematical astronomy, the 
Saurapauraénikamatasamarthana or Reconciliation of 
the Opinions of the Siryasiddhanta and the Puranas, 
was Nilakantha Caturdhara, the famous commentator 
on the Mahabharata. What inspired him to write this 
work, and how representative his views were among 
Indian intellectuals of his time, are topics also awaiting 
further research. 
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INNOVATION AND STAGNATION IN MEDIEVAL 
INDIAN ASTRONOMY 


David PINGREE (USA) 


The largest pre-modern literature on- astronomy still extant today — precariously 
preserved on hundreds of thousands of rapidly deteriorating manuscripts — is that 
composed in India, overwhelmingly in the Sanskrit language, in the fourteen centuries 
between about 400 A.D. and 1800 A.D. But while India was far ahead of Europe, 
the Islamic countries, and China in the quantity of its publications in this field, its 
record in quality as judged by modern Western standards is ambiguous. For, despite 
India's great contributions to the world’s sciences of astronomy, the fundamental 
breakthroughs that led to the almost universally received modern form of astronomy 
occurred elsewhere. 

The basic elements of Indian mathematical astronomy came from the West in 
several stages. The first of these was the transmission to India in about the eighth 
century B.C. of Mesopotamian descriptions of the motion of the Sun’s rising-point 
along the Eastern horizon, their recognition of the usefulness of intercalation, their 
use of New Moon as the beginning of the month, and various elements of their 
star-lore. The second was the transmission in the late fifth or early fourth century 
B.C. of Babylonian arithmetical methods of computing the passage of time and the 
progress of the Sun, the Moon, and the planets; the third was the introduction of 
Greek adaptations of Babylonian planetary theory in the second century A.D; and 
the last an influx of pre-Ptolemaic, Hellenistic astronomy in the third and fourth 
centuries A.D. This last transmission included geometrical models of planetary motion 
(eccentric deferents, epicycles, and equants), the parameters of these models, eclipse 
theory, and some basic mathematical tools for solving problems in plane and spherical 
trigonometry, though without Menelaus’ theorem for dealing directly with angles on 
the surface of a sphere. Indeed, the Sanskrit texts are now one of our primary sour- 
ces for the reconstitution of Hellenistic astronomical theory and practice. Indian astro- 
nomers made great advances in the mathematics of the Greek systems that they 
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had adopted; for instance, already in the fifth century A.D. they had applied the 
Euclidean algorithm of continued fractions to the solution of indeterminate equations, 
a crucial step toward the development of their characteristic mode of expressing 
the mean motions of the planets in terms of their integer numbers of revolutions 
in vast periods of time — in mahayugas of 4,320,000 years and in kalpas of 
4,320,000,000 years; they had derived from the Chords of Hipparchus the Sine, Cosine, 
and Versine funcions that are the foundations of modern trigonometry; and they 
had fully exploited the possibilities of applying the rudimentary analemmas of Helle- 
nistic astronomy to the solution of numerous problems in spherics and in time-keeping. 

Their prestige, as a result of this brilliance, was so great that in the middle of 
the sixth century the astronomers of the Sasanian Shah of Iran, Khusrau Andshirwan, 
chose to follow the Indian Zij al-Arkand in composing the Royal Astronomical Tables 
rather than Ptolemy’s Almagest and in 718 parts of Varahamihira's Paricasiddhantika 
served as the basis for the Chiu-chih li that Gu-tan Hsi-ta composed at the T‘ang 
court. And in trigonometry and analemmas the Indians were the teachers of the 
Arabs, and ultimately of the West. Indeed, the first work on mathematical astronomy 
in Arabic that we know of is an adaptation of Brahmagupta's Khandakhadyaka made 
in Sind in 735, while the first serious work in this field available in Western Europe 
was the Latin translation, made by Adelard of Bath in Spain in 1126, of al-Majriti’s 
revision of the Arabic Zij al-Sindhind of al-Khwarizmi; al-Khwérizmi’s main sources 
were Arabic versions of a Mahdsiddhanta based on Brahmagupta’s Brdhmasphu- 
tasiddhanta. As a result, for much of the medieval period many European astrono- 
mers computed the positions of the planets, predicted eclipses, and cast horoscopes 
with methods and tables derived from or influenced by Indian astronomy, and they 
regarded an Indian city, Ujjayini, as lying on the world’s prime meridian. 

The Indian contemporaries of these medieval European astronomers did not cease 
being innovative in mathematics. From the eleventh century through the eighteenth, 
for instance, they devised an amazingly rich variety of astronomical tables designed 
to facilitate the computation of planetary positions, of the occurrences of eclipses, 
both solar and lunar, and of the characteristic elements of Indian paficangas or ca- 
lendar — tithis, naksatras, and yogas. Some of the more ingenious of these tables 
were invented by Mahadeva in 1316, by Makaranda in 1478, and by Haridatta 
in 1638. The mathematics of indeterminate equations of the second degree had been 
studied with partial success by Brahmagupta in the Brahmasphutasiddhanta that he 
published in 628, and the cyclic solution discovered by Jayadeva was described by 
Udayadivakara as early as 1073; Jayadeva’s solution was independently discovered in 
the West only in the seventeenth century by Pell and Fermat. But the Indians’ most 
brilliant achievement was their discovery, without a knowledge of the calculus, of 
the misnamed «Gregory's Series» for 7 and of the power series for Sines, Cosines, 
and Tangents, all due to the incredible work of Madhava of Sangamagrama in Kerala 
in about 1400 A.D. In Europe these series were rediscovered by the pioneers in cal- 
culus — Newton, Leibniz, and Gregory — some two hundred and fifty years after 
Madhava and a full century after they had been virtually forgotten in India. 

It was not in India, however, despite this extraordinary ability in mathematics, 
that modern astronomy was born. Its beginnings lie rather in the Muslim world 
where, in the early eleventh century, Ibn al-Haytham criticized Ptolemy's planetary 
and lunar models for their contravention of certain principles of physical astronomy 
based on Aristotle. A similar criticism had been inconclusively leveled against Ptolemy 
in antiquity by, for instance, Proclus in the fifth century, but astronomers in the 
Arabic tradition persisted in their efforts to devise physical models of internesting 
spheres that at least in some important respects obeyed the laws that Aristotle had 
laid down for the motions of celestial bodies. This work culminated in the successful 
application to this problem of the so-called «Tasi couple» for converting circular into 
linear motion by Mu’ayyad al-Din al- ‘Urdi and by Nastr al-Din al-Tusi in the middle 
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of the thirteenth century, and the complete resolution of the remaining problems 
by Ibn al-Shatir of Damascus toward the middle of the next century. It was these 
Arabic mathematical models that Copernicus employed in the De revolutionibus, 
though, of course, he went further toward modern Western astronomy than had the 
Muslims when, completely abandoning the Aristotelian physics that had motivated 
the models in the first place, he imagined the Sun to be at the center of the plane- 
tary spheres. 

We have seen that Indian astronomy began its brilliant career by receiving and 
improving scientific ideas that entered Bharata from the outside. This receptivity con- 
tinued throughout the medieval period, though eventually it encountered, as we shall 
see, a counter-reaction in the seventeenth century. Thus, Mufijala in 932 provided a 
trigonometrical formula that reproduces the effect of the crank-mechanism in Ptole- 
my’s model of the Moon — that is, essentially, the Moon's evection. Sripati and Bho- 
jaraja in the middle of the eleventh century had a complete theory of the equation 
of time, probably also derived from Arabic sources. Mahendra Sari published the 
first Sanskrit treatise on the construction and use of the plane astrolabe in 
about 1370; he based it on an Arabic (or perhaps Persian) text. In the seventeenth 
century Sanskrit versions of the zij of Ulugh Beg, of al-Qushji’s Risdlah dar hay "αἱ, 
and of other Persian astronomical works circulated in Delhi, Agra, and Benares, where 
‘they influenced such scholars as Nityananda, Kamalakara, and Ranganatha, and arou- 
sed the derision of others like Nrsimha, MunfSvara, and Gadadhara, who protested 
that some tenets of Persian astronomy contradicted the teachings of the ancient rsis. 
Finally, in the 1720’s and 1730's, under the patronage of Savai Jayasimha, Euclid’s 
Elements, Theodosius’ Spherics, Ptolemy’s Almagest, al-Zarqalt’s Universal Astrolabe, 
and that chapter of Nastr al-Din al-Tasi’s Tadhkira together with al-Birjandi’s com- 
mentary thereon that describes the new mathematical devises that ended up as the 
mathematical foundation of the Copernican revolution were all translated from Arabic 
into Sanskrit, along with de La Hire’s theory of the Moon and Napier’s Logarithms 
from European languages. 

These translations were not just too late to rejuvenate Indian astronomy; they 
were almost entirely without effect because they were generally ignored by Indian 
astronomers — even including, to a surprising extent, their sponsor the Maharaja Jaya- 
simha. Most professional astronomers in India staunchly resisted the new science; in 
fact, they continued to produce quite traditional treatises throughout the eighteenth 
century. Though an abortive effort, inspired by Launcelot Wilkinson, an idealistic Eng- 
lish civil servant in Sihore, was made in the 1830's and 1840's to introduce the con- 
cepts of modern astronomy to Indian students through Sanskrit, and even to en- 
courage those students to enter the field by first reading the Saryasiddhanta, 
Bhaskara’s Siddha ntasiromani, and GaneSa's Grahala ghava, the real training of some 
Indians in the modern Western form of the science began only in the observatories, 
colleges, and universities founded on the European model in the middle of the last 
century and, for the most part, operated in complete ignorance of the medieval Indian 
tradition. Clearly the scientific work on astronomy that is done in India today is a 
development from those nineteenth century beginnings, and is not at all dependent 
on nor are its practitioners aware of the medieval astronomy; from which, indeed, 
modern Western scientists have nothing to learn about their astronomy, though much 
to learn about human nature and about the various attitudes towards the preceptible 
world that may give rise to systems of knowledge reasonably labeled «science». 

It is, of course, no more noteworthy that Indian astronomers have discarded me- 
dieval Indian astronomy than that European and Middle Eastern astronomers have 
rejected Ptolemy and Ibn al-Shatir. It is important, however, that historians study 
these superceded scientific systems in order that we all may better understand the 
intellectual and social factors that shape our various explanations of natural pheno- 
mena. One question that we may ask of that history — the one that I wish briefly 
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and tentatively to address in the remainder of this paper — is: what factors in tradi- 
tional Indian astronomy contributed to the production of a Madhava but prevented 
the appearance of a Nasir al-Din or a Copernicus? For modern Western astronomy, 
I am convinced, could not have developed in India, though obviously other develop- 
ments, especially in mathematics, might well have occurred had traditional Indian 
science been able to survive the nineteenth century as a viable alternative intellectual 
system capable of attracting competent and imaginative students — if, in short, it 
had continued to perform its traditional functions in Indian society. 

The most obvious reason that Nasir al-Din could not have been an Indian is that 
the problem that he set out to solve could not have arisen within the Indian intel- 
lectual tradition. This problem was the incompatiability of a physics, requiring that 
celestial bodies rotate with uniform motion about a center, with the Ptolemaic models, 
imposed by observational data, in which they rotate with non-uniform motion on 
eccentric orbits. For the Greeks and their Arabic successors the heavenly spheres 
participate in this circular motion by their very nature; for the Indians, when they 
remark at all on the matter, the spheres are rotated by the pravaha wind, but the 
planets’ deviations from uniform motion about the center are caused by arbitrary 
forces, called asuras or demons, which operate upon them from moving positions 
within the model of each. The effects of these arbitrary forces are subject to ma- 
thematical computation, but their nature was not regarded as relevant or interesting. 
Moreover, Greek and Arabic astronomy had a firm tradition of employing observa- 
tions systematically to check and to refine the models and their parameters; the In- 
dians were bereft of any such tradition, though naturally they rejoiced when, usually 
by sheer luck, computation and observation coincided. The absence of a concern 
for the mechanics of the solar system and the lack of a theory of observational 
astronomy lead us to the consideration of some basic characteristics of the traditional 
Indian concept of the origins of scientific knowledge and to the question of the or- 
ganization and the teaching of the SAstras or sciences. 

Almost universally the Indian sastras — medicine, grammar, the various schools 
of philosophy, astrology, and astronomy, among others — claim that the basis of 
the knowledge that they teach is divine revelation. Only in mathematics, once in a 
while, does one find statements indicating that this science is a product of human 
activity. This does not mean, of course, that religion dominated science or that in- 
novation was precluded; I have already given ample evidence that great advances 
were made. What it did mean was that each science tended to be regarded as a 
self-sufficient entity independent of all others since independently created by the di- 
vine. It was from this perception of the matter that they were taught; one person 
might be learned in many SAstras, but almost never would he use one to illuminate 
another. In contrast, the Greek educational tradition, inherited in its Neoplatonic form 
by the Arabs, strove to integrate the sciences within an encyclopedic framework in 
which their interconnections were strongly emphasized. Therefore, even if Indian phi- 
losophers or physicists had developed concepts of celestial mechanics different from 
the ideas of the pravaha wind and the asuras, these would not necessarily have been 
seen as in contradiction with the geometrical models of the astronomers. 

Another aspect of the belief that the origin of knowledge lies in revelation is the 
feeling that the theory underlying the text so received must be correct; it is only 
the practical: details that can be improved upon. As we have seen, the innovations 
made by Indian astronomers were entirely in the area of mathematics, a field in 
which they were most ingenious and inventive, but they never questioned the basic 
assumptions. The debates between the advocates of the old and the new astronomies 
— be it the new Islamic as in the Mughal period or the modern Western as in the 
British Raj — turned precisely on the point that the changes proposed were not just 
in mathematics, but involved the structure of the universe as it had been prescribed 
by the rsis under divine inspiration. Thus Muntévara, incensed by the theory that 
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the zero-point of the ecliptic actually moves with respect to the fixed stars (in tra- 
ditional Indian astronomy precession and trepidation were simply mathematical models 
used in the computation of the Sun’s declination and were not permitted to affect 
planetary longitudes), criticizes the Persians, their Greek predecessors, and their Indian 
followers for their arrogance in adhering to a doctrine justified by their own intel- 
lectual efforts and in trusting observations even when the conclusions reached are 
contrary to the opinions of the rsis. An extreme example of this obscurantist line of 
reasoning is Gadadhara’s statement, in defence of the theory that the unmoved high- 
est sphere is made of metal rather than of crystal, that, since the god Pitamaha 
— that is, Brahma — does not refute the theory of a metallic sphere, therefore an 
opponent of that theory is an opponent both of truth and of Brahma It must, how- 
ever, be noted in Gadadhra’s defence that he does advance more rational arguments 
in support of his thesis, such as the blueness of the sky that must be due to the 
reflection of the Sun’s light from a metallic rather than a crystalline surface, and 
the tremendous weight of the stellar and planetary spheres that a metal sphere could 
bear while a crystalline sphere would be shattered. 

This mixture of arguments based on blind faith with those based on practical 
considerations is not unusual, in India as in the West. Practical matters were the 
main concern of Indian scientists. Fundamentally, Indian astronomy was neither mys- 
tical nor other-worldly; it was astonishingly playful and pragmatic. It saw its function 
to be the development of methods of solving the problems encountered in preparing 
the annual calendar, in predicting eclipses, and in casting horoscopes. It was successful 
in satisfying the society for which it performed these functions, and conceived of 
no other questions as ones it ought to attempt to answer. Therefore, the mathematics 
by which these practival computations were effected were always subject to impro- 
vement; even the parameters of the system — the mean motions, the dimensions of 
the epicycles, or the longitudes of the apogees and nodes — could be changed from 
what the rsis had taught on the justification that, as the yuga ages, the universe 
and the motions occurring within it degenerate. But there was no incentive to doubt 
the foundations, of the astronomy, and no perceived conflict between it and any 
other facet of Indian intellectual and social beliefs. 

But even within this highly pragmatic framework changes in parameters took place 
with great infrequency. This was due to the lack of a tradition of using observations 
to check and to correct those parameters — a lack which we have previously noted. 
The earliest observations prescribed in the Sanskrit texts were designed to impress 
the astronomer’s patron with his powers of prediction rather than to provide data 
for revising his models; thus, in the late 620’s both the first Bhaskara and Brahma- 
gupta instructed their students to construct a wooden replica of the trigonometrical 
constructions used in predicting an eclipse, and to fit it with a sighting tube so that, 
at the properly determined moment, the patron might see the earth's shadow cross 
the Moon's surface. The first deliberate and systematic effort to use observations to 
gather data that we know of was made by Madhava’s student, Paramesvara’s, who 
observed a ong series of solar and lunar eclipses in Kerala between 1393 and 1432. 
Unfortunately, he does not seem to have been able to use the data to effect any 
changes in the traditional theory of eclipses or in those of the Sun and the Moon. 
The strongest statement made in favor of observational astronomy in medieval India 
is that of Ntlakantha, the pupil of ParameSvara’s son, Damodara, in the late fifteenth 
century: «Whatever astronomical system does not disagree with observation, that is 
to be followed. The one which agrees with observation is to be recognized by con- 
temporaries passing judgment (on the accuracy of different systems) on the occasions 
of such phenomena as eclipses. But those who, when an older astronomical system 
disagrees (with observations), produce a new one after investigating the parameters 
of (the models of) the plantets and learning (their correct values) — they are not, 
because of this, to be laughed at in this world or to be punished in the next». One 
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letter throughout Europe; and within a few decades the calculus had transformed 
European mathematics. 

If we briefly turn our attention from the mathematics embedded in astronomical 
literature to the mathematical literature itself, we must immediately note one striking 
fact: that is, that though, as has often been stated in this paper, the truly innovative 
advances made in Indian astronomy were in the mathematics applied to it, the num- 
ber of texts devoted to mathematics as an independent subject is astonishingly small, 
and that a surprising number of these have been preserved in only a handful of 
copies, often in just one. It is true that of one work on arithmetic, Bhaskara’s Ὁ 
Lilavati, there exist over five hundred manuscripts in addition to numerous transla- 
tions into many vernaculars and more than thirty medieval commentaries; moreover, 
since 1832 it has been printed more than thirty times. Clearly, ever since it was 
composed in the 1140's the Lilavatt has dominated the teaching of arithmetic through- 
out the Indian subcontinent. Its companion piece, Bhaskara’s textbook on algebra, 
the Bijaganita, was nowhere near so popular; but it is preserved in about two hun- 
dred manuscript copies, and was explained by five medieval commentators. It was 
the text normally chosen for instructing pupils in algebra; but algebra was not as 
frequently taught as was arithmetic. 

In contrast to this marked success of Bhaskara’s two works, just one incomplete 
manuscript has preserved each of the two less popular of the four treatises composed 
by Bhaskara’s own favorite predecessor, the eighth century mathematician Sridhara, 
while the latter’s best known opus is found in only a half dozen copies and the 
fourth is lost altogether. The Ganitatilaka written by Sripati in the middle of the 
eleventh century survives in one incomplete manuscript, as does the untitled work 
in the Bakhshali Manuscript; Narayana’s Ganitakaumudi, composed in 1356, is com- 
plete in only one copy, though half a dozen others preserve just the last two chapters, 
brilliant investigations of permutations and combinations and of magic squares, and 
two manuscripts contain his algebraic Bijavatamsa, though not in its entirety. In fact, 
the only work that was anywhere near as popular as Bhaskara’s was the 
Ganitasarasangraha composed by the Jaina Mahavira in the middle of the ninth cen- 
tury. Almost all of the two hundred or so manuscripts of this work were kept in 
the monasteries of his co-religionists, whose students thereby learned their arithmetic 
from this leading scientist of their own sect. 

The ten mathematical treatises that I have just mentioned are the only ones writ- 
ten in Sanskrit before the sixteenth century that still exist; we know about as many 
more that were written then but have since been lost. And only half a dozen works, 
either derivatives of these or simple business artihmetics, were written after 1500. 
Mathematics, then, in which the Indians had truly excelled from the first millennium 
B.C., when the Sulvasiitras recorded advanced solutions to the problems of the geo- 
metry of altar building, till Madhava some two thousand years later, was not a sub- 
ject on which many scholars would choose to write a book — there were neither a 
professional class of mathematicians to use them, nor a market for new mathematical 
textbooks. Few saw any need to go beyond the standard instructional manuals — 
the Lilavati, the Bijaganita, and the Ganitasd rasangraha. 

Like all other sciences in medieval India, mathematics was almost always applied 
rather than theoretical. It contributed to many other disciplines — plane and solid 
geometry to altar building and to architecture, combinations and permutations to 
medicine, to music, and to prosody, the summation of series to Jaina cosmology, 
and many varieties of mathematics to astronomy; and it was often the most creative 
element in each. But it had, for most intellectuals, no intrinsic value; it existed simply 
to serve the purposes of the other S4stras. 

The consequent lack of a coherent tradition was accompanied by the lack of a 
coherent methodology. The power of a rigorous and relentless pursuit of the logical 
consequences of an axiomatic system was never felt by Indian mathematicians. In 
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fact, the processes by which problems were analyzed and solutions obtained are al- 
most universally left undescribed, so that the most brilliant achievements appear as 
revelations rather than as the results of rational thought. The one exception of which 
I am aware is the one which I discussed before, in the School of Madhava, whose 
last intellectual descendent, Sankara, in about 1550 wrote a careful and complete 
exposition of the steps by which his great predecessor had derived all of the series 
for trigonometrical functions. This is a beautiful piece of work, clear and logical 
— and is ideal for instructing students in the proper way to do mathematics, though 
it does not start from axioms or offer proofs. So far as we know, Sankara never 
had any students till his work was finally printed just fifteen years ago, in 1975. 

Medieval Indian astronomers and mathematicians, then, served their society well, 
but the fields that they cultivated as defined by Western tradition were not well 
served by the expectations and attitudes of that society. What they did and the ways 
in which they did it ceased to be attractive once India decided to adopt the values 
and the methods of modern Western science and its most persuasive by-product, 
technology. For the historian of science and of intellectual history in general the 
Sanskrit scientific texts provide a marvellously rich field to explore; for the modern 
Western scientist they should serve as a reminder of the need for open-mindedness, 
imagination, and communication. 
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OF PTOLEMAIC ASTRONOMY 


David Pingree 


The history of astronomy, as of all other aspects of human thought, is 
extraordinarily complex. Much of that complexity is reflected in the 
subject I am about to address. For both Indian and Muslim concep- 
tions of the forms of the heavens and earth and of the mathematics 
by which their several motions may be described originated in Hel- 
lenistic astronomy, but each descended through various different 
cultural milieus to become transformed into models, parameters, and 
mechanisms barely recognizable to each other. In this paper, expand- 
ing on what 1 have previously written on this subject! but striving not 
to repeat excessively what has already been said, I intend to examine 
how some Indians attempted to make the Muslim interpretation of 
Ptolemy palatable to their fellows, who frequently dismissed it as 
foreign rubbish,? while others tried to use elements of it simply to 
buttress the, for them, naturally declining system revealed at the 
beginning of the yuga by the divine knowledge of the Sun. 

For in the tradition of the astronomies of India it had become, by 
the sixteenth century in Northern India, important to many scientists 
to emphasize the origin of one’s paksa or school in a revelation 
granted by either a divinity or an rsi.? The main rivals in the resulting 
wars of revelations were Brahma, the creator and recreator of this 
universe, from whose Paitamahasiddhanta* both the Aryapaksa of 


' See Ὁ. Pingree, “Islamic Astronomy in Sanskrit,” Journal for the History of 
Arabic Science 2 (1978): 315-330 [henceforth “Islamic Astronomy”}; and id., 
“History of Mathematical Astronomy in India,” in Dictionary of Scientifie 
Biography, vol. 15 (New York, 1978), pp. 533-633, esp. pp. 625-629 (henceforth 
“History’’}. 7 

2 See, e.g., Muni§vara and Gadahara cited in “Islamic Astronomy,” pp. 321-322. 

3 See, e.g., Nrsimha and Kamalakara cited in D. Pingree, “The Puranas and 
Jyotihs4stra: Astronomy,” Journal of the American Oriental Society 110 (1990): 
274—280 at 279 [henceforth “The Puranas”’]. 

4 See Ὁ. Pingree, Census of the Exact Sciences in Sanskrit, Series A, vols. 1-5 
(Philadelphia, 1970-1994) [henceforth CESS], A4, 259a; and “History,” pp. 555- 
565. 
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AryabhataS and the Brahmapaksa of Brahmagupta® truthfully 
claimed descent, and Siirya, the Sun god, whose Suryasiddhanta,' 
which had been updated in the sixteenth or seventeenth century,® was 
in fact principally based on the Ardharatrikapaksa of Aryabhata,? 
itself a modification of his Aryapaksa. There are several other 
divinities and rsis who are quoted as authorities; but, in fact, all of 
the siddhantic tradition of cosmology, geography, and mathematical 
astronomy goes back to Indian adaptations in the fifth century of 
Greek models and parameters altered to fit existing Indian theories 
expressed in the Puranas.!° 

The cosmology (khagola) of the siddhantas conceived of the 
universe (insofar as we can perceive or deduce it) to consist of nine 
internested spheres, one for each of the seven planets in the Hel- 
lenistic order, the eighth bearing the naksatras, and the ninth being 
the sphere of heaven. The distances of the planetary spheres from 
each other is based on the theory, adumbrated by Plato, that the dis- 
tance of each from the center of the earth is inversely proportional to 
its planet’s mean velocity. While the inner eight spheres are rotated 
daily by the pravaha wind which is wrapped around their common 
axis, each planet moves independently on its own concentric orbit in 
a motion that 1s irregular because of the pulls exerted on the planet 
by demons stationed at the uccas on its manda and Sighra epicycles. 
The forces that move the celestial bodies, then, are material beings, 
whose execution of their self-appointed tasks is certainly not eternal, 
since this cosmos within the Brahmanda is destroyed and recreated 
to the rhythm of a Kalpa of 4,320,000,000 years; nor is it necessarily 
constant, since the world declines drastically over the course of a 
Mahayuga of 4,320,000 years. These ideas allowed Indian astrono- 
mers, if they so chose, to justify the introduction of foreign models 


> See CESS Al, 534-530; A2, 15b; A3, 16a; A4, 27b; and AS, 14a~-15a; 
“History,” pp. 590-593; and Ὁ. Pingree, ‘“Aryabhata, the Paitamahasiddh4nta, and 
Greek Astronomy,” Studies in History of Medicine and Science 12, no. 1-2, NS 
(1993): 69-79. 

6 CESS A4, 254b-255b, and Α5, 237b; and “History,” pp. 565-580. 

ΤΑ full bibliography of the Saryasiddhanta will appear in CESS A6; for now see 
Ὁ. Pingreée, JyotihsSastra, (Wiesbaden, 1981), pp. 23-24; and “‘History,” pp. 608-610. 

ὃ “History,” pp. 617-618. 

9 “History,” pp. 602-608. 

10 See “The Puranas” and D. Pingree, “The Recovery of Early Greek Astronomy 
from India,” Journal for the History of Astronomy 7 (1976): 109-123. 
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and parameters, which could be regarded as representing the 
degeneration of what had existed and been described by a god or an 
rsi at the beginning of the yuga. But this cosmology precluded most 
from embracing Aristotelian concepts of natural motion. Though the 
Indians like Aristotle had five elements (mahabhitas), they—earth, 
water, air, fire, and space—all permeate the entire cosmos; in this the 
Indians were closer to Plato than to his pupil. Muslim astronomers, 
of course, being devotees of the Stagirite, believed in a radical dif- 
ference between the sublunar world of naturally linear motion and 
celestial spheres of naturally circular motion, which ought as well, at 
least in principle, to be uniform and concentric. 

The Indian sphere of the earth (bhigola) was dominated by the 
enormous Mt. Meru at the North Pole around which spread over all 
of the Northern hemisphere the inner continent called Jambidvipa, 
the island of the rose-apple tree, with Bharatavarsa or India and 
Lanka to the South (the city which Muslim astronomers of the ninth 
century had already learned to call the qubbat al-ard or Cupola of the 
Earth), Romaka or Rome to the West, the Siddhas to the North, and 
Yamakoti, the Castle of Yama, to the East. Around Jambidvipa 
flows the ocean of salt water; and the Southern hemisphere is cov- 
ered by alternating rings consisting of the six remaining continents 
and six remaining oceans of the Puranas, while at the South Pole lies 
the Vadavamukha, the Mare’s Mouth. 

As I indicated with respect to the qubbat al-ard, this Indian cos- 
mology and geography were familiar to Muslims in the late eighth 
and the ninth centuries through Arabic translations of both Pahlavi 
and Sanskrit astronomical texts.'! But even in this earliest period of 
Islamic astronomy the Ptolemaic system was also known—for 
instance, in the work of Masha’allah preserved for us in a Latin 
translation by Gerard of Cremona as the De elementis et orbibus 
celestibus, though he also describes Indian models for the planets.!2 
This is the earliest treatise in Arabic that can be said to belong to the 
class of texts called Silm al-hay’a. Later members of this class 
include the Kitab al-tadhkira fi “ilm al-hay’a composed in Arabic by 


'l See Ὁ. Pingree, ‘The Greek Influence on Early Islamic Mathematical 
Astronomy,” Journal of the American Oriental Society 93 (1973): 32-43. 

12 See D. Pingree, “Masha’ allah: Some Sasanian and Syriac Sources,” in Essays 
on Islamic Philosophy and Science, ed. G. F. Hourani (Albany, N.Y., 1975), 
pp. 5-14, esp. pp. 9-12. 
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Nasir al-Din al-Tiisi in 1261!3 and the Risalah dar hay'ah written in 
Persian by ‘Ali al-Qiishji in the 1450s or 1460s.'* Both were 
important for the transmission of Islamic astronomy to India; and 
both contain in general the same sort of information. The Tadhkira is 
divided into four books containing, respectively, mathematical and 
physical principles; the configuration of the celestial spheres; 
geography; and the sizes and distances of the earth and the celestial 
bodies. The Risalah dar hay’ah in an introduction and two books 
treats in far simpler form the same material (in the way that al-Qishji 
conceives of it) as is contained in the first three books of the 
Tadhkira. The readers of these two works, then, are introduced to 
basic definitions of Euclidean geometry; the five elements and the 
Aristotelian principles of their motions (Aristotelian principles are 
omitted by al-Qushji); the arrangement of the celestial spheres, of 
which there are nine as in the Indian tradition, and the spheres of the 
four sublunar elements; the great and smaller circles on the celestial 
spheres that are used in astronomy; the solar, lunar, and planetary 
models and parameters; geography insofar as it is related to 
astronomy (e.g., the seven climata and terrestrial longitudes and 
latitudes); and, at least in the Tadhkira, the sizes of the earth and of 
the celestial bodies, and the distances of the latter from the earth. 
Clearly the main elements of the Islamic tradition that Indian 
astronomers would find difficulty in receiving are the Aristotelian 
notions of the causes of physical motions and those features of the - 
arrangement of the spheres and of the planetary models that depend 
on the Islamic interpretation of how Aristotelian philosophy and 
physics impose changes in Ptolemy’s system. 

The translation of Arabic or Persian astronomical texts into 
Sanskrit presupposes the existence of bilingual individuals and, at 
least ideally, of technical dictionaries. The oldest Persian-Sanskrit 
dictionary that we have constitutes the first prakarana of the 
ParasiprakaSa composed by Krsnadasa in the late sixteenth century 
for the Emperor Akbar.'> While it contains a number of words that 
occur in astronomical texts—for example, the names of the planets 


_ | Edited by F. J. Ragep, Nasir al-Din al-Tisi’s Memoir on Astronomy, 2 vols. 
(New York, 1993). 

\¢ An edition of the Persian together with an anonymous Sanskrit translation, the _ 
Hayatagrantha, is being prepared by D. Pingree and K. Plofker. 7 
IS See CESS A2, 57a—57b; A4, 61b; and AS, 49a. 
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and words designating measures of time—it 1s bereft of all of the 
technical vocabulary of mathematical astronomy. More detailed 
information concerning the Persian calendar, and, after an excursus 
on the technical terms of astrology, the Persian words used in arith- 
metic, trigonometry, and astronomy can be found in a second 
Parasiprakasa, that written by Malajit in 1643, a work for which the 
title Vedangaraya was bestowed on him by Shah Jahan.'© However, 
in the manuscripts that I have examined,!’ this unpublished text con- 
tains only the vocabulary contained in the Risdlah dar hay’ah up to 
the end of the third bab of the first maq@la; the next bab takes up the 
planetary models, whose technical vocabulary Malajit does not dis- 
cuss. 

The date of the Sanskrit translation, entitled Hayatagrantha, of 
al-Qishji’s Risalah dar hay’ah and the name of the translator are 
both unknown.!® The earliest dated manuscript that has been dis- 
covered, though it is now lost, was copied in 1694, during the long 
and unpleasant reign of: Aurangzeb. I suspect that the translation was 
made earlier in the seventeenth century, under Jahangir or Shah 
Jahan, but that dating can not as yet be either confirmed or denied. I 
should only report that transliterations found in the Hayatagrantha’s 
prose are not always identical with those in the Vedangaraya’s 
poetry, but that this fact obviously can not be used to substantiate a 
claim that the Vedangaraya did not use the Hayatagrantha. 

The Risalah dar hay’ah is not a philosophically oriented text, so 
that there are in it no direct statements about the laws of Aristotelian 
physics as there are in the Tadhkira. Therefore, the anonymous trans- 
lator had no difficulty beyond the linguistic in converting it into 
Sanskrit. He was clearly helped by a collaborator who was versed in 
Persian and. Islamic astronomy, at least at a level sufficient for 
understanding the Risdlah; this is clear from the existence of small 
additions meant to explain the Persian text to the Sanskrit reader. 
Moreover, a few phrases in the Persian text, mostly of a pious nature, 
which were felt to be inappropriate for a Hindu audience, were 
omitted. Otherwise, everything is straightforward, including the 
planetary models with all their normal Muslim solid spheres sur- 


16 See CESS A4, 421a—421b; and A5, 305b—306a. 

17 MS British Library Add. 14,357b; MS London, India Office Library 2114d; 
and MS Sarasvati Bhavana, Benares 35337 (with his own tika, the Panjikd). 

18 See “Islamic Astronomy,” pp. 326~328; and CESS A4, 57a-57b. 
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rounding eccentrics and equants, their epicycles, and long explana- 
tions of how they function to produce the apparent motions of the 
Sun, the Moon, and the planets. The collaborator is even learned 
enough to add what is not in the Persian, the information that Sallama 
Qiishji, the son of Ulugh Beg’s teacher, determined the obliquity of 
the ecliptic to be 23;30,17°. 

However, sometime in the eighteenth century an unknown astron- 
omer interfered with the original translation by adding material, 
some from the Szryasiddhanta and some from his own wit. So, after 
al-Qiishji reports that he observed the Sun’s apogee to be at Cancer 
2;26° in Muharram of 841 AH (July 1437 A.D.), the interpolator 
computes that, starting from the Suryasiddhanta’s solar apogee at 
Gemini 18° and using al-Qishji’s rate of precession, 1° in 70 years, 
the Sun’s apogee was in Cancer 2° in 1178 A.H. (which began on 1 
July 1764).!9 If the interpolator’s date can be fixed from this as about 
1765, his location is indicated by his several references to 
Kasi—i.e., Benares. In general, the interpolator is someone familiar 
with both Persian astronomy and the Saryasiddhanta; his interven- 
tions are intended to provide comparisons between the two systems. 

I do not wish to discuss here the controversy that took place in — 
Kasi during the reign of Shah Jahan between two rival families of 
astronomers, one of which incorporated elements of Islamic 
astronomy into their otherwise Indian siddhantas, and the other of 
which often but not consistently vigorously opposed such practices. I 
have written at some length—though by no means exhaustively— 
about this conflict elsewhere.2! Rather, I would like to examine part 
of the Sarvasiddhantaraja composed by Nityananda at Delhi in 
- 1639.22 Previously, Nityananda had translated Farid al-Din Ibrahim 
al-Dihlawi’s Zij-i Shah Jahan into Sanskrit for Asaf Khan;?3 the 
epoch of that work was in the year in which Shah Jahan began to 
reign, 1628. Since the Zij-i Shah Jahan was based on the Zi of 


19. Hayatagrantha, ed. V. Bhattdcarya, (Varanasi, 1967), p. 69. 

20 Note that the one Benares manuscript that does not contain the interpolator’ S 
remarks, Sarasvati Bhavana 36934, was copied by NageSa on 16 September 1765. 

21 “Islamic Astronomy,” pp. 320-323. 

22 “Islamic Astronomy,” pp. 323-326, and CESS A3, 173b—174a; A4, 141b; and 
Α5, 182a. I have used the manuscript, now y 550, in the Wellcome Institute in 
London. 

23 See CESS A3, 173b; A4, 141a—141b; and AS, 182a. 
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Ulugh Beg as was al-Qishji’s Risalah, Nityananda’s models and 
parameters in the Sarvasiddhantaraja generally agree with those in 
the Hayatagrantha. But whereas the latter makes no attempt to dis- 
guise its foreign origin—all technical terms are first transliterated 
from the Persian, and then explained in Sanskrit—Nityananda has 
felt it necessary, or at least useful, to adopt several interesting 
stratagems to seduce his readers into believing that he is impeccably 
orthodox. It is this aspect of his work that I wish at present to review. 

After an unexceptional verse in which he pays his homage to 
Brahma, he cleverly associates astronomical systems described by 
gods and by rsis with that proclaimed by Romaka—by which appel- 
lation he means both the author of the third-century Romakasid- 
dhanta summarized by Varahamihira in his Paficasiddhantika*4 and 
the Romaka or Muslim whom, as we shall see, he pretends to be the 
ultimate human authority for Ulugh Beg’s astronomy: 


Srisiryasomaparamesthivasisthagarga- 
caryatriromakapulastyaparaSaradyaihl| 
tantrani yani gaditani jayanti tani 
sphurjaddhiya ganitagolasphutanil| 


Those treatises are victorious which are accurate in 
mathematics and spherics because of (their 
authors’) flashing intelligence (and) which were 
proclaimed by (the gods) Sirya, Soma, and Brahma 
(and by the rsis) Vasistha, Garga, Atri, Romaka, 
Pulastya, and ParaSara. 


Having thus inserted Romaka among the rsis, he in the next verse 
praises the human Bhaskara, who like Maya, Aryabhata, and Brah- 
magupta, followed the paksa of Brahma. And next he claims that in 
general his efforts have been directed toward investigating Bhas- 
kara’s treatise without the modifications added through their own 
intelligence by others who are far distant from the siddhantas com- 
posed by divinities such as are the Sun and the Moon, siddhdntas 
filled with good applications of arithmetic, the solution of indetermi- 
nate equations, algebra, and the arrangement of the spheres. 


24 See CESS A5, 562a-562b. 
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After several more verses proclaiming his intent to produce a 
simpler text while staying within the Indian tradition, Nityananda 
states that he is writing the Siddhantardja after investigating what he 
calls the Romakasiddhanta (that is, Ulugh Beg’s Zij), the Suryasid- 
dhanta, and the Brahmasphutasiddhanta of Brahmagupta, of which 
trio he claims that the Romaka agrees best with observation, though 
men know that the Siryasiddhanta is like a Veda and that the 
Brahmasphutasiddhanta contains useful methods. He then plunges 
into the story originally employed in the introduction to an early 
recension of the Jfdanabhdskara cast in the form of a dialogue 
between Sirya and his charioteer, Aruna—a dialogue to which 
Nityananda directly refers. According to this story, the Sun, because 
of the curse of Brahma, became a Yavana (in the seventeenth century 
-Yavana meant Muslim) in the city of Romaka and was known as 
Romaka. After the curse was lifted, he became the Sun again, and 
wrote the Romakasiddhanta “which has the form of revelation 
(Srutiripam).” It is this work in its entirety that Nityananda claims 
now to be repeating. 

Our author, then, has substituted the Sun god, Siirya, for Farid 
al-Din Ibrahim, and he has elevated the science of the Mlecchas to 
the level of a Veda. This theme is expanded by his later assertion 
that, though the siddhantas produced by the gods and rsis are phrased 
differently, the astronomy is always the same; they all follow the 
Suryasiddhanta. But human authors can and do err from the divine 
path. However, the gods and the munis present an astronomy 
designed to be applicable to dharmaSastra—i.e., to the determination 
of the proper times for performing rituals and for observing 
festivals—and applicable to astrology, while humans deduce certain 
parameters from observation. Nityananda’s solution to the dilemma 
of having contradictory theories is typical in India: one is to use both, 
each in the situations appropriate to it. There exist a plurality of 
truths, each of which has its proper application. Nityananda 
expresses his general criterion of truth in the following verse: 


yad yad uktam rsibhih kila devais 
tat tad atra sakalam saphalam hil 
purusair aviditagamatattvaih 

ksiptam tharahitam tad asatyam]| 
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Whatever was said by the rsis and the gods, all of 
that is here; it is indeed fruitful. That which is 
added by men who do not know the truths of the 
sacred books, that which is lacking investigation, is 
false. 


Nityananda, then, accepts the siddhantas composed by gods or rsis as 
true regardless of what they say, while asserting that everything they 
say is in agreement with the Suryasiddhanta; and he will accept what 
men say in addition only if it results from investigation, 1.6., 15 
properly inferred in accordance with the rules of traditional Indian 
philosophy, which include perception as one of the bases for valid 
knowledge. 

In the first chapter, then, Nityananda has established the 
orthodoxy of his composition of a siddhanta expounding Islamic 
astronomy by placing Romaka, his stand-in for Farid al-Din, among 
the rsis; by making him an incarnation of the Sun; by proclaiming 
the peaceful coexistence of mutually contradictory truths; and by tak- 
ing the normal Indian position that, while the gods and rsis always 
speak the truth, man through his own intelligence may discover addi- 
tional truths that have their proper applications. In the second chapter 
he endeavors further to justify what he is doing by employing the 
traditional Indian divisions of time, including the theory of Kalpas, 
Mahayugas, and Yugas, as a framework within which to transform 
Islamic into Indian astronomy. For he converts the Muslim perpetual 
mean motions of the planets and the longitudes of their apogees and 
nodes into the standard Indian form of integer numbers of rotations 
in a Kalpa; though, because they do not properly fit, he is obliged to 
add bijas or corrections at the end, another traditional Indian device. 
These bijas, he claims, were determined by observation. To empha- 
size how close the mean longitudes computed according to the Zi-i 
Shah Jahan are to those computed with Indian methods, he compares 
them with results from the Suryasiddhanta and the Brahmapaksa; 
indeed, they are not very different, as is not very surprising. 

In the next chapter Nityananda compares the parameters of the 
solar, lunar, and planetary models in the so-called Romakasiddhanta 
with those in the Siuryasiddhanta and those in Brahmagupta’s 
Brahmasphutasiddhanta. The numbers are simply juxtaposed, with- 
out comment. This is followed by an elaborate and lengthy explana- 

tion of the finding of the Sine of an arc, the sum or the difference of 
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the Sines of two given arcs, and so on, culminating in the construc- 
tion of a table of the Sines for every minute of arc between 0° and 
90°. All this, of course, represents Ulugh Beg’s and al-Kashi’s 
amplification of the Sine function originally introduced by Indian 
astronomers in the fourth or fifth century A.D. 

Nityananda proceeds to instruct his reader on how to compute a 
longitude or a latitude with the Romaka’s models. These are indeed 
the models of the Islamic Ptolemaic tradition with the crank- 
mechanism and the prosneusis of the Moon, the double eccentricity 
and the equant of the superior planets and Venus, and the triple 
eccentricity and crank-mechanism of Mercury. But the geometrical 
solution for finding the planet’s longitude according to each of these 
models is simply a modification of the methods employed in the 
siddhantas for single or double epicycle models. 

Having made his points that the Romaka is of impeccably divine 
origin, that its results are close to those obtained by an already inter- 
nally divided Indian tradition, and that its innovations are useful, 
Nityananda introduces a miniature ‘ilm al-hay’a text discussing 
geometrical principles, the configuration of the four elemental and 
nine celestial spheres, and the models of the Sun, the Moon, and the 
planets. This is followed by elaborate directions for drawing dia- 
grams of these models on a wall in order to instruct one’s students. 
These are, of course, the diagrams familiar to us from both Arabic 
and Persian manuscripts and their imitations in medieval Latin 
codices and fifteenth- and sixteenth-century printed books, though 
the three manuscripts of the Sarvasiddhantaraja that I have been 
able to examine are not illustrated,» though spaces are left for some 
diagrams in the Wellcome’s copy. , 

A text which does have such diagrams, at least in the two manu- 
script copies that I have consulted,” is the Jyotihsiddhantasara com- 
posed by a Malaviya Brahmana named Mathuranatha Sukla.2” He 
was teaching astronomy to school-children in Kasi when he was 
requested by a Raja, Dalacandra, to write a book on the subject. He 
completed the present work in 1782 and added a commentary which 


25 Besides the Wellcome manuscript, I inspected manuscript 206 of A1883/84 at 
the Bhandarkar Oriental Research Institute, Poona, and manuscript 2619 at the 
Rajasthan Oriental Research Institute at Alwar. 

26 These are R.15.124 and R.15.125 at Trinity College, Cambridge. 

27 See CESS A4, 349a—350a; and A5, 272b. 
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presumably helped his students as much as it does us to understand 
the full details of his adaptation of an as yet unidentified work on 
hay’a, though its parameters in general are again those of Ulugh Beg. 

Following the standard pattern of an ‘Silm al-hay’a text, 
Mathuranatha begins his khagolavicara with geometry and the 
Aristotelian physical principles of motion. There follow descriptions 
of the celestial spheres, a Ptolemaic-style catalogue of 1025 stars 
arranged in 48 constellations (missing but alluded to in both the 
manuscripts available to me), descriptions with parameters of the 
Islamic Ptolemaic models for the Sun, the Moon, and the planets, 
latitude theory, the heliacal risings and settings of the planets, and 
solar and lunar eclipses. The bhiigolavicara describes the seven 
climata with their maximum daylights and median terrestrial 
latitudes, the coordinates used in Islamic mathematical geography, 
particulars of the seven regions, sunrise and twilight (he knows Ibn 
Mu‘adh’s estimation that it begins or ends when the Sun is 18° 
below the horizon), some elements of the Pharisi, Rimi, and Maliki 
calendars with remarks on the year of the Phirangis, methods for 
determining the time of day, the establishing of the distance between 
two localities by means of simultaneous observations of a lunar 
eclipse, and the dimensions of the universe measured in farsangs. 
Though Mathuranatha when necessary uses a Persian word, over- 
whelmingly his vocabulary is taken from the Sanskrit siddhdntas; 
and from time to time he inserts, especially into his commentary, 
information about traditional Indian views concerning the subject 
that is being discussed in his Persian source. It is not entirely clear 
what his (or the Raja’s) purpose was in instructing the students, who 
must have been Brahmanas, in the basic elements of Persian 
astronomy. It is difficult to believe that they wished the younger 
generation of Hindus to become more tolerant of Muslims through a 
knowledge of their astronomy, but other possible motives do not 
immediately present themselves. 

The motivation of Mathuranatha’s predecessor, Jayasimha,?® in 
studying Islamic astronomy is much clearer. Despite all the 
enthusiasm that he continues to arouse as the man who introduced 
“modern” science into India, he was in fact a very devout and pious 
Hindu who believed firmly that the siddhantas attributed to the gods 


28 See CESS A3, 634-640, A4, 970; and AS, 115b—1 16a. 
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and the rsis, but particularly the Suryasiddhanta, are true. It is for 
this reason that he had his pandits write a Suryasiddhantavyakhya 
describing and defending that work’s cosmology and planetary 
models while explaining away any observed defect,’ and it is for 
this reason that he had his Jyotisaraya, Kevalarama,*» write the Brah- 
mapaksanirasa>' in which he attempts to show that the tradition of 
the Paitamahasiddhanta of the Visnudharmottarapurana, the Brah- 
masphutasiddhanta of Brahmagupta, and the SiddhantaSiromani of 
Bhaskara does not have a solid foundation since they are not based 
on the words of either a god or an rsi. Only the Siryasiddhanta has 
such a basis, and so do those other works by gods and rsis which are 
the occasional expressions of the theories of Surya in varying ver- 
biage. Clearly this 1s a view close to that voiced by Nityananda. And 
we must conclude that like Nityananda Jayasimha allowed the 
epithet “true” to be accorded to valid inferences from observed 
phenomena. Unlike his seventeenth-century predecessor, however, 
Jayasimha did not adapt in Sanskrit the Islamic Ptolemaic models of 
the universe or of the mechanisms producing the motions of the Sun, 
the Moon, and the planets. The opening verses of Kevalarama’s 
Brahmapaksanirdasa correctly describe his basic attitude: 

vedah sampadita yena tesam vistaritah kriyahl| 

vamasramavibhaga§s ca viluptah sthapitah punahl| 

patitah puskare tirthe paurohityat padodbhavah]| 

$risavainareSas tu Srautasmartarthasiddhaye]| 

anarham ity asau jiatva brahmapaksam nirasyatil| 


He who caused the Vedas to succeed has spread 
abroad their rituals; the division of the vafnas and 
the stages of life had slipped, but are restored 
again; because of his being a purohita the lotuses 
are caused to fall in the pilgrimage site at Puskara 
lake. In order to achieve the meaning of Sruti and 
smrti (the Vedas and dharmaSastra) the king, Savai 


29 1 have used manuscript 29498 of the Rajasthan Oriental Research Institute at 


_ Jodhpur. 


30 See CESS A2, 634-630; A4, 63b; and, most importantly, A5, 52a—52b. 
3! T have used manuscript 28628 of the Rajasthan Oriental Research Institute at 
Jodhpur. 
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(Jayasimha), recognizing that the Brahmapaksa is 
unworthy, annihilates it. 


There is not a hint in the Brahmapaksanirasa of the existence of 
Islamic, European, or any other Mleccha astronomy. 

But Jayasimha did, for his own purposes of correcting parameters 
in this decaying universe,*? construct observatories and sponsor the 
translations into Sanskrit of Theodosius’ Spherics, Euclid’s Ele- 
ments, Ptolemy’s Almagest, and at least parts of some contemporary 
European works on astronomy. He also had translated, by 
Nayanasukha with the help of a Persian assistant, Muhammad 
Abidda, the Arabic commentary by al-Birjandi on the eleventh chap- 
ter of the second book of Nasir al-Din’s Tadhkira®3—\the chapter in 
which al-Tiisi discusses his new models employing the Tisi- 
couple—while al-Birjandi, in his sharh, reports at length on the 
criticisms of Ptolemy issued by Ibn al-Haytham and on some of the 
work done by Persian astronomers after Nasir al-Din, notably by 
Qutb al-Din al-Shirazi in his Al-tuhfa al-shahiyya and in his Nihayat 
al-idrak. The translator and his Persian assistant obviously discussed 
the meaning of many passages in this dense and difficult book; in 
some cases they decided that an expansion was necessary to render 
the text meaningful, and a few times they despaired of rendering a 
translation and simply omitted a difficult passage. But in general 
they performed their task well; highly technical Arabic terms are 
retained in their Persian forms in Sanskrit transliteration, but usually 
with an explanation of their meaning when they are introduced. An 
intelligent reader could certainly have made sense οὗ this text; but, so 
far as we know, it had no readers at all. The unique manuscript was 
copied by one of Jayasimha’s scribes, Krparama, in 1729.4 This was 
probably the first copy of Nayanasukha’s draft, and, as far as we 
know, no other copy was ever made. Jayasimha received this most 
important document of the Maragha School into his library in 1730, 
but never into his astronomy. 


32 Concerning Jayasimha’s attitude, see Ὁ. Pingree, “Indian and Islamic 
Astronomy at Jayasimha’s Court,” in From Deferent to Equant (New York, 1987), 
pp. 313-328, esp. pp. 315-318. 

33 An edition of the Arabic original of al-Birjandi’s sharh on Tadhkira 2,11 
together with Nayanasukha’s Sanskrit translation is being prepared by T. Kusuba. 

4 This is manuscript 46 in the collection of the Palace Museum at Jaipur. 
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Our two most intelligent and informed authors, Nityananda and 
Jayasimha, have unwittingly exposed a set of basic differences 
between the Hindu and the Muslim scientific views of astronomy. 
The Muslim believes, as a Greek would, in the uniformity of nature 
over distances in time and space, while the Hindu believes that the 
universe decays over time and that the planets may move differently 
over Bharatavarsa and over the Mlecchas. Moreover, the heavenly 
spheres perform social functions so that one theory of their behavior 
is valid for one human purpose, another for another. These 
philosophical differences over the nature of nature itself made it 
impossible for a good Brahmana such as Nityananda or a good 
Ksatriya such as Jayasimha to receive more of the Muslim interpreta- 
tion of Ptolemy than some new parameters and the planetary models 
bereft of the forces that make them move, but regarded purely, as 
Proclus viewed those of the Almagest, as a means to produce mathe- 
matically correct predictions of celestial phenomena. In this they 
were in agreement with the warmest proponents of Islamic 
astronomy in seventeenth-century Benares. The mere translation of 
texts, such as 15 represented by the Hayatagrantha or the 
Jyotihsiddhantasara of Mathuranatha, was not sufficient to produce 
an Indian Ulugh Beg. 

Yet, in a practical sense, some Indians learned to follow the Mus- 
lims in their computations. I offer in evidence of this two manu- 
scripts. One, in Poona, discusses in detail the computation of square- 
roots, sines, and a gnomon’s shadow according to Nityananda’s 
translation of the Zij-i Shah Jahan.*> The second, at Berlin, gives 
detailed computations of the longitudes and latitudes of the Moon 
and the planets and the longitude of the Sun at noon in Jayapura on 
Monday 7 March 1718 according to the Zij-i Muhammad Shah.*° 
_ Clearly this was computed some years later, after the Zij had been 
written. That date of computation is approximated by the computa- 
tions at the end of the manuscript of a lunar eclipse on Sunday 28 
May 1732 and of a solar eclipse visible at Jayapura on Monday 20 
May 1734. The whole is accompanied by elaborate diagrams and 
provides ample evidence tliat its author is technically competent even 
if not a convert to the philosophical bases of Islamic astronomy. 


35 Manuscript 579 of 1895/1902 at the Bhandarkar Oriental Research Institute. 
36 Manuscript or. fol. 2973 at the Stadtbibliothek. 
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David Pingree 


Indian astronomy entered early Islam through several routes’. The 
ardhardatrikapaksa that had been initiated by Aryabhata of Kusumapura in 
about 500 influenced the Zik-i Shahriydrdn composed in Pahlavi at the 
Sasanian court in Ctesiphon under Khusro Anishirwan in 556. This is 
known to us now through the astrological computations made by 
Masha’allah ibn Athari, a Persian Jew from Basra, for the several 
astrological histories that he wrote in the decades before and after 800°. 
From the works of Masha’allah extant in Arabic, Greek, and Latin, and 
from the discussions of them by al-Hashimi in his Kitab ‘ilal al-zijat and 
by al-Birtini in his Kitab tamhid al-mustagirr li-ma‘nd al-mamarr’ we 
know that Khusr0’s zik utilized the drdhardtrika’s apogees of Saturn, 
Jupiter, and the Sun; and its equations of the center of Jupiter and, within 
one minute, Mars and the Sun. This Zik-i Shahriydrdn already employed 
the Persian calendar, and was probably influenced by Ptolemy’. 

The zik of Khusr6 strongly influenced that produced under the last 
of the Sasanian Shah-i Shahs, Yazdijird HI, which was translated into 
Arabic as the Zi al-Shah by al-Tamimi in about 800. This also is now 
lost, but much concerning it may be learned from the Zi al-mumtahan 
(Tabulae Probatae), the zijes of Habash al-Hasib, and again, al-Hashimi 
and al-Biriini®. While some modifications were made in the parameters 
—— €.g., in Mars’ equation of the center — the structure and calendar of 


'. For a general survey of the process by which Indian astronomy was introduced into 
Islam see D. Pingree, "The Greek Influence on Early Islamic Mathematical Astronomy”, 
JAOS 93, 1973, 32-43. 


*_£.S. Kennedy and D. Pingree, The Astrological History of Masha’allah, Cambridge 
1971, pp. 69-88. 


*. F. I. Haddad, E. 5. Kennedy, and D. Pingree, The Book of the Reasons behind 
Astronomical Tables, Delmar, N. Y. 1981, pp. 212-216, 262-264, and 283-284. 


ἦς D. Pingree, “Indian Influence on Sassanian and Early Islamic Astronomy and 
Astrology", JOR Madras 34-35, 1964-66 (1973), 118-126. 


*. Haddad, Kennedy, and Pingree, op. cit., pp. 213-216, 220, and 262-263. 
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Khusr6’s zik were retained, and the influence of Ptolemy may even have 
been expanded. 

In the early eighth century the earliest Arabic zfes were composed 
on the basis of Indian methods: the ΖΗ al-Jdmi‘ and the Ζῇ al-Hazur at 
Qandahar, the Zi al-Arkand at Sind in 735 largely on the basis of the 
drdharatrikapaksa as expounded in Brahmagupta’s Khandakhddyaka, and 
the Zi al-Hargan on the basis of the dryapaksa of Aryabhata’s 
Aryabhatiya in 742°. None of these was wildly popular outside of Sind 
and Afghanistan; we know of them only through al-Hashimi and al-Biruni. 
More significant for the transmission of Indian astronomy to the Islamic 
world was the translation of a Sanskrit text, apparently entitled 
Mahdasiddhdnta, into Arabic at the court of al-Mansiir in Baghdad in the 
early 770’s’. Two of those involved in the popularization of this 
translation, the Zi al-Sindhind, were Muhammad ibn Ibrahim al-Fazari’, 
who, according to one story, was involved in the translation itself, and 
Ya‘qiib ibn Tariq’. 

Al-Fazari, in about 775, wrote on the basis of the Ζῇ al-Sindhind, 
the Zi al-Shadh, and the Ptolemaic tradition (probably as represented by 
the Handy Tables in their Pahlavi version)’, a Zi al-Sindhind al-kabir. 
Basically, al-Fazari’s mean motions of the planets (including the Sun and 
the Moon), their nodes, and their apogees were derived from the 
bradhmapaksa through Brahmagupta’s Brdhmasphutasiddhanta, the 
equations of the center and of the anomaly from the Ζῇ al-Shdh, and the 
table of declinations of the Sun from the Handy Tables; other 
computations, involving three different values for the radius, R, in a 


δ, Haddad, Kennedy, and Pingree, op. cit., pp. 207-211. 
” Haddad, Kennedy, and Pingree, op. cit., pp. 216-223. 


δ D. Pingree, "The Fragments of the Works of al-Fazari", JNES 29, 1970, 103-123. 


᾿ς D. Pingree, "The Fragments of the Works of Ya‘qiib ibn Tariq", JNES 27, 1968, 97- 
125, and E. 5. Kennedy, "Τῆς Lunar Visibility Theory of Ya‘qib ibn Tariq”, JNES 27, 
1968, 126-132. 


© For the use of the Handy Tables in the computation of the prorogation in a Sasanian 
horoscope see Dorothei Sidonii Carmen astrologicum, ed. Ὁ. Pingree, Leipzig 1976, III 1, 
30-65. 
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sine-table —- 150 from the Khandakhddyaka, 3270 from _ the 
Brahmasphutasiddhanta, and 3438 from the Paitamahasiddhdnta and the 
Aryabhatiya — were derived from various Indian and Sasanian sources. 
Al-Fazari in some instances — e.g., in the mean motions of Saturn and 
of the lunar node, and in some of the equations — differs from his 
identifiable sources. Some of his tables, as had been Ptolemy’s for Chords 
and declinations, were entered with arguments. of 0;30°, while the equation 
tables imitated the Indian practice of intervals of 90°/24 or 3;45° (and its 
multiples 7;30° and 15°). Though the braéhmapaksa does not allow for 
precession, al-Fazari used Ptolemy’s value of 1° per 100 years. It appears 
that al-Fazari’s Ζῇ al-Sindhind al-kabir followed the ΖΗ al-Shah in using 
the epoch of Yazdijird III (16 June 632) and the Persian calendar, though 
in about 788 he published a Zf ‘ald sini al-‘Arab which utilized the epoch 
of the Hijra (16 July 622) and the Muslim calendar. In this latter zi the 
mean motions were given for 1 to 6 saura days (a saura day is a 360th 
of a solar year), 6 to 6,0 saura days, 1 to 6,0 solar years, etc. In the Ζῇ 
al-Sindhind al-kabir the epoch was dawn at Var-i Yamkart (Barah), which 
is noon at Ujjayn (or the Cupola of the Earth). 

Al-Fazari’s associate, Ya°qub ibn Tariq, wrote a ζῇ, also in about 
775, using the epoch of Yazdijird III, the Persian calendar, and dawn at 
Barah; in his table of mean motions the collected years are 10. Unlike 
al-Fazari, Ya‘qiib takes his equations of the center entirely from the ΖΗ 
al-Shah. His equations of the anomaly come from the same source except 
for those of Jupiter and Venus; the latter is from the drdharatrikapaksa. 
And his declination table was based on the Indian value of the obliquity, 
24°, instead of on Ptolemy’s value, as was al-Fazari’s. 

Ya‘qib also wrote an important work on cosmology, the Kitab 
tarkib al-aflak, apparently in 777/778, and a Kitab al-‘ilal, in both of 
which he expounded many Indian astronomical concepts and 
computations. Neither was, to our knowledge, ever heard of in 
al-Andalus, but each informs us of elements of the Sindhind tradition that 
were transmitted to Spain. | 

That transmission was effected primarily through the Ζῇ 
al-Sindhind composed by Muhammad ibn Musa al-Khwarizmi under 
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al-Ma’miin in the 820 ᾽ κ᾿ and the commentary on it written by Ahmad 
ibn al-Muthanna’ in the tenth century. From a comparison of the extant 
versions of al-Khwd4rizmi’s Ζῇ (the few Arabic fragments; the Samaritan 
adaptation; and the Latin versions) with the commentaries by Ibn 
Masri’? and by Ibn al-Muthanna’ (this last in Hebrew'* and Latin’* 
versions only) as well as from Abraham ibn Ezra’s De rationibus 
tabularum” it is possible to arrive at a fairly accurate understanding of 
the original form of the Zi al-Sindhind'®. From this analysis it is clear 
that al-Khw4rizmi, while basically following the earlier works of al-Fazari 
and of Ya‘qib ibn Tariq, furthered the intrusion of Ptolemaic and other 
material into the tradition. Thus, he began with a discussion of the three 
calendars used in the Islamic world — that of the Hijra, that of Yazdijird 
III, and the Seleucid, called the Rimi or that of Alexander — and gave 
rules and tables for converting dates in one into the corresponding dates 
in the other two. However, like al-Fazari and Ya‘qub, al-Khwarizmi used 
the calendar of Yazdijird III in his Ζῇ and also the mean motions of the 
Sindhind tradition. His equations of the center and of the anomaly are 
virtually identical with those of the Zi al-Shadh, while al-Fazari had 
deserted that zf in his equations of the center for the Sun and the Moon, 
and Ya‘qiib had in the equations of the anomaly for Jupiter and Venus. 


"On al-Khwarizmi see, e.g., F. Sezgin, Geschichte des arabischen Schrifttums 


(henceforth GAS), vol. 6, Leiden 1978, pp. 140-143. 


The commentary by Ibn Masnir, a pupil of the ninth century astrologer, Abi 
Ma‘shar, is preserved in a manuscript Taymiiriya, Math. 99, in the Dar al-Kutub al-Misriya 
in Cairo; I am grateful to E. 5. Kennedy for supplying me with a film of this text. 


'? Edited, translated, and commented on by B. ΒΕ. Goldstein, Ibn al-Muthannda's 
Commentary on the Astronomical Tables of al-Khwdrizmf, New Haven 1967. 


'* Edited by E. Millas Vendrell, ΕἸ comentario de Ibn al-Muthannd’ a las Tablas 
Astronomicas de al-Jwdrizmi, Madrid-Barcelona 1963. 


'° Edited by J. Μ, Millas Vallicrosa, El libro de los fundamentos de las Tablas 
astronémicas de Κα. Abraham ibn ‘Ezra, Madrid-Barcelona 1947. 


'® For its relation to the Indian tradition see D. Pingree, "Τῆς Indian and Pseudo-Indian 
Passages in Greek and Latin Astronomical and Astrological Texts", Viator 7, 1976, 141-195, 
esp. 151-169. 
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Al-Khwarizmi’s computation of the equations and his integration of them 
follows faithfully an Indian model, though the commentators Ibn Masrur 
and Ibn al-Muthanna’ attempt to explain his procedure in terms of a Greek 
eccenter with epicycle model. 

In the computation of the equations the Indian Sines were used. 
The value of the radius, R, used by al-Khwarizmi was that of 
Brahmagupta’s Khandakhddyaka, namely 150. According to Ibn 
al-Muthanna’ he gave two tables of declination, one using the Indian value 
of the obliquity, 24°, the other the value given by Ptolemy in the Handy 
Tables, 23;51°. For finding right ascensions al-Khwarizmi uses Menelaus’ 
theorem as expounded in the Almagest. For the latitudes of the planets and 
of the Moon as for the first visibility of the lunar crescent al-Khwarizmi 
follows the Sindhind faithfully, while the anomalies tabulated for the 
planets’ first stations are both in fact and according to Ibn Masrir 
Ptolemaic — from the Handy Tables. 

This suffices to show that the process of the mixture of systems 
had proceeded already quite far in al-Khwarizmi’s Ζῇ. It contained many 
parameters and algorithms of Indian origin, derived both from the original 
Ζῇ al-Sindhind and from the Zi al-Shah of Yazdijird ΠῚ, but also 
contributions from the Ptolemaic tradition, coming both from the A/magest 
and from the Handy Tables. The Indian material, however, was largely 
in the form of unjustified rules, whose bases — e.g., for the computation 
and integration of the two equations of the planets — had no explanation, 
and so were necessarily interpreted in the light of Ptolemaic astronomy. 
In so far as they remained useful, these Indian elements survived; the 
most lasting contribution of the Sindhind tradition, of course, was the 
trigonometry of Sines, Versines, and Cosines, and some applications of 
analemmas. But Indian astronomy in its Islamic context was incapable of 
further development or elaboration since its foundations were not 
understood; and it virtually disappeared from the mainstream of astronomy 
in Eastern Islam after al-Battani, though al-Khwadrizmi’s zi remained 
accessible to the unknown founders of Samaritan astronomy”’ and to the 


"See D. Pingree, "Al-Khwarizmi in Samaria", AJHS 33, 1983, 15-21. 
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equally obscure compiler of the text which is the basis of a Byzantine 
treatise of the late eleventh century”. 

_ The Ζῇ al-Sindhind was brought to al-Andalus not very long after 
its composition, during the reign of ‘Abd al-Rahman II (821-852)”. 
According to the account of Ibn Sa‘id, this ruler sent “Abbas ibn Nasih to 
Iraq to acquire books, among which was a copy of the Sindhind. In the 
ninth century a large number of poet astrologers were attached to the 
court at Cordova, including ‘Abbas ibn Firnas and Ibn al-Shamir as well 
as ‘Abbas ibn Nasih. Undoubtedly other astronomical tables besides that 
of al-Khwarizmi were available to them, including others belonging to the 
Sindhind tradition. Sams6 conjectures that this earlier Khwarizmi zij was 
a "minor" recension, which was the one adapted by Maslama al-Majriti 
and Ibn al-Saffar, while a "major" recension, which had demonstrations, 
was the basis of the commentary of Ibn al-Muthanna’”. However, it 
seems to me that there would have been only one Ζῇ al-Sindhind of 
al-Khwarizmi, containing canons and tables, and that this was the basis of 
the commentaries of al-Farghani, Ibn Masri, and Ibn al-Muthanna’ (who 
provided the demonstrations) and of the revision(s) by Maslama and the 
members of his "school". 

The version of the ΖΗ al-Sindhind produced by Maslama al-Majriti 
at Cordova in the late tenth century is now lost in its Arabic form, though 
it survives in the Latin translation made by Adelard of Bath in or soon 
after 11267 (there also survives a manuscript containing a revision of 


ἐδ See A. Jones, An Eleventh-Century Manual of Arabo-Byzantine Astronomy, CAB 3, 
Amsterdam 1987. 


' For this account of the introduction of al-Khwarizmi into Spain I rely upon the 
masterful account by J. Samso in his Las ciencias de los antiguos en al-Andalus, Madrid 
1992, pp. 49-56. 


*  Sams6, op.cit., pp. 85-87. 


*! Edited by A. BjOmbo, R. Besthorn, and H. Suter, Die astranomischen Tafein des 
Muhammed ibn Miasd al-Khwdrizmi, Copenhagen 1912; translated and commented on by O. 
Neugebauer, The Astronomical Tables of al-Khwdrizmt, Copenhagen 1962. 
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Adelard’s translation by Robert of Chester”) and a related version 
apparently due to Petrus Alfonsi*. Mercier describes a fragment of a 
third Latin version of the ζῇ, probably of its form before Maslama’s 
revision”; Sams6 suggests that this may be the translation, otherwise 
lost, by Hermann of Carinthia*. There were also Arabic recensions 
produced by two of Maslama’s students, Ibn al-Saffar® and Ibn 
al-Samh?’. The astronomical tables of both, following the Sindhind 
tradition, are referred to by Sa‘id al-Andalusi®, as is that of Ibn al-Saffar 
by Abraham ibn Ezra”; fragments of the tables of Ibn al-Saffar survive 
and are soon to be published”. 

The effects of Maslama’s intervention were substantial, but did not 
suffice to obliterate the traces of Indian astronomy in the Sindhind 
tradition. He changed the calendar and the epoch from those of Yazdijird 
III to those of Islam, with the result that the collected years for the mean 
motion tables equal thirty; recalculated various tables for the geographical 
coordinates of Cordova; and introduced a Sine-table in which the radius, 


2 See most recently R. Mercier, “Astronomical Tables in the Twelfth Century”, in C. 
Burnett, ed., Adelard of Bath, London 1987, pp. 87-118, esp. 96-97. 


23 


. Mercier, op.cit., pp. 95-96. 


. Mercier, op.cit., p. 101. 


p. 85, fn. 121. 


. Sams6, op. cil., 
. GAS, vol. 6, p. 250. 


. GAS, vol. 6, p. 249. 
ἐδ In his Tabaqdt al-umam. | have used the English tanslation of 5. I. Salem and A. 
Kumar, published under the title Science in the Medieval World, Austin 1991, for Ibn al- 
Saffar see p. 65, for Ibn al-Samh p. 64. For the Tabagdt see L. Richter-Bernburg, "Sa‘id, 
the Toledan Tables, and Andalusi Science”, From Deferent to Equant, ANYAS 500, New 
York 1987, pp. 373401. 


2? Op.cit., 


(n. 15), pp. 75 and 110. 


τ᾿ Sams6, ΟΡ. οἷ. 


Ῥ. 85. 
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as in Ptolemy’s table of Chords, is 60, even though he retained various 
Indian procedures that presuppose a radius of 150. 

After the work of Maslama and his pupils on al-Khwarizmi’s ΖΗ 
al-Sindhind the Indian tradition was next taken up by Sa‘id al-Andalusi in 
Toledo”. Not only did Sa‘id in his Tabagdt al-umam of 1068 mention 
a number of Sindhind treatises of the ninth and tenth centuries from the 
East — Habash’s earliest ζῇ", al-Nayrizi’s ζῇ", Ibn al-Sabbah’s ζῇ", 
Ibn al-Muthanna’s Τα ἀπ of al-Khwarizmi’s ζῆ ἡ, and Ibn al-Adami’s 
Nazm al-‘iqd® (which influenced $a°id’s uderstanding of trepidation*’) 
— but he composed an /slah harakdat al-kawdakib wa al-ta‘rif bi-khata 
al-rdsidin in which he defended the Sindhind against the assault of his 
older contemporary, ‘Abdallah ibn Ahmad al-Saraqusti*. Moreover, 
Said was most likely a part of the group of astronomers, including his 
student al-Zarqalla, who put together the Toledan Tables” which, in the 
two Latin versions (the first probably by John of Seville, the second by 
Gerard of Cremona), greatly influenced Western European astronomy in 
the late twelfth, the thirteenth, and the early fourteenth centuries. These 
Toledan Tables” retain from the Indian material of the Sindhind a table 
of Sines in which the radius is 150 (table 12 of Toomer), the longitudes 


. Sams6, op.cit., pp. 144-150. 
τς 5814, op.ctt., (n. 28), p. 51. 
», Weld: B.D. 
| Mid. ᾿. 52, 
, Wbid., 9.33. 
. Ibid., pp. 46 and 53. 
. Sams6, op.cil., p. 221; and Richter-Bernburg, op. cit., 386. 
. Said, op.cit., p. 67; see also Richter-Bernburg, op.cit., 377 and 385. 


* Sams6, op.cit., pp. 147-152, and Mercier, op.cit., pp. 104-107; and Richter- 


Bernburg, 375-376 and 386-390. 


® G. Toomer, "A survey of the Toledan Tables", Osiris 15, 1968, 5-174. 
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of the nodes, the tables of the latitudes of the planets (tables 45-46 
Toomer), and formulae relating the apparent diameters of the Sun and the 
Moon to their velocities. Clearly at this stage trigonometry was the most 
impressive contribution of Indian science to the West. 

But the Sindhind was not yet dead. Abt ‘Abdallah Muhammad ibn 
Ibrahim ibn Muhammad ibn Mu‘adh, who was not known to 5814 and 
who died in 1093, must have composed his zij at Jaén in about 1080”; 
it is known to us in a Latin translation by Gerard of Cremona, entitled De 
diversarum gentium eris, annis ac mensibus, et de reliquis astronomiae 
principiis, but commonly called the Tabulae Jahen*. This work recasts 
Maslama’s version of al-Khwarizmi’s Ζῇ al-Sindhind for the geographical 
coordinates of Jaén, though Ibn Mu‘adh also cites Ibn al-Samh*. Since 
the tables of the Tabulae Jahen are lost we cannot, in most cases, judge 
the extent to which Ibn Mu‘adh retained Indian parameters. However, in 
the surviving canons he states that he has computed the mean longitudes 
of the planets at epoch (midnight at Jaén on 15/16 July 622) “secundum 
intentionem Indorum"; that Jaén is 62° West of Arim (Ujjayini); and that 
the longitude of the solar apogee is Gemini 17;55°. Moreover, not 
surprisingly, many of the rules for computing are clearly based on 
al-Khwarizmi’s understanding of the Indian models. 

After the year 1100, however, the Arabic tradition of the Sindhind 
in Spain disappears from sight, and we must instead examine the 
translation of some texts containing Indian astronomical ideas into Latin, 
Hebrew, and Spanish — a process that continued from the early twelfth 
century till the late thirteenth. We have already mentioned Adelard of 
Bath, Hermann of Carinthia, Robert of Chester, and Petrus Alfonsi as 
translators and transmitters of the ΖΗ al-Sindhind ot al-Khwarizmi; and 
John of Seville and Gerard of Cremona as translators of the Toledan 
Tables. To these may be added Hugo of Santalla for his translation into 
Latin of Ibn al-Muthanna’s commentary on the Zi al-Sindhind, and 
Abraham ibn Ezra for his translation of the same work into Hebrew as 


. Sams6, op.cit., pp. 152-166; see also Richter-Bernburg, op. cit. , 381-383. 


ἦς Edited by I. Heller, De elementis et orbibus coelestibus, Nurnberg 1549, ff. N i r--Z 


“. Ff. N unr and Y ii τ. 
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well as for his important book on the causes behind the zijes, known in 
Latin as De rationibus tabularum. Moreover, many Indian astronomical 
ideas are scattered through the Latin translations of Arabic astrological 
texts made in the twelfth century, and of Hebrew ones in the thirteenth. 
In this way such material gained a wide audience in Western Europe in 
the late Middle Ages and in the Renaissance while among professional 
astronomers the Alfonsine Tables eclipsed the Toledan Tables, which in 
turn had displaced the Zi al-Sindhind. There are indeed some traces of 
Indian astronomical computations to be found at the court of Alfonso el 
Sabio; but what this tradition had offered to Islam that was useful in the 
context of a Ptolemaic planetary theory operating precariously in a 
Aristotelian universe had been thoroughly absorbed in Spain by the late 
thirteenth century, and the Sindhind had ceased to function as viable 
alternative to the Islamic modifications of Ptolemy. 
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NILAKANTHA’S PLANETARY MODELS 


One of the special qualities of Dan Ingalls’ humanism was that he 
appreciated investigations into all aspects of human intellectual activity, 
that he recognized that science was an important part of Indian culture 
as it is of ours. I hope that his magnanimity is shared by the readers 
of this journal. 

This paper deals with one occasion when Indian philosophy and 
astronomy interacted. Philosophy taught an astronomer that perception 
is a more powerful guide to the real nature of planetary motions than is 
tradition, even that which claims to be divine revelation. The astronomer, 
relying on observations, changed both the traditional planetary models 
and their parameters. However, he failed to justify these changes by 
showing how his observations made them necessary, and, in the end, 
he was not radical enough to break completely out of the tradition of 
geocentrism. Obviously, to notice this limitation is not to criticize the 
astronomer, but simply to locate him within a particular intellectual 
tradition wherein what he actually did do was extremely radical. 

The only Sanskrit work that has so far been found in which are 
discussed extensively and carefully the role of observations (pratyaksa, 
pariksana) and inference (anumana) as fundamental to the proper practice 
of astronomy is the Jyotirmimdmsa' of the important Kerala astronomer, 
Nilakantha Somayajin.* His view, contrary to the frequent assertion that 
the fundamental siddhantas expressing the eternal rules of jyotihsastra 
are those alleged to have been composed by deities such as Surya, is that 
the astronomers must continually make observations and draw logical 
conclusions from them so that the computed phenomena may agree 
as closely as possible with contemporary observations. This may be a 
continuous necessity because models and parameters are not eternally 
fixed, but change, or because longer periods of observation lead to 
more accurate determinations of the models and parameters, or because 
improved techniques of observing and of interpreting the results may 
lead to superior solutions. 

As part of his demonstration of the disagreement between the various 
siddhantas, he computed according to several texts the mean longitudes 
of each of the seven planets and the lunar apogee for day 1,682,112 
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since the beginning of the Kaliyuga.? The calendar equivalent of this 
ahargana will vary because of the difference in the epoch of the day 
(sunrise at Lanka) and because of the differences in the lengths of 
the years in the various paksas. The epoch of the Kaliyuga in the 
ardharatrika system was midnight at Lanka on 17/18 February in —3101 
Julian. The length of a Julian year is 365 1/4 days, so that the ahargana 
of 1,682,112 corresponds to 4605 years and 135 days. The resulting 
date in the Julian calendar is 1 August 1504. This date is undoubtedly 
near the date at which Nilakantha completed the Jyotirmimamsad. 

In the J/yotirmimamsa, Nilakantha refers to his own 
Aryabhatiyabhasya which he had finished after 28 July 1501;4 and 
in the Aryabhatiyabhasya he refers to both his Siddhdntadarpana? and 
his Tantrasangraha.® According to the chronograms in the first and the 
last verses of the Tantrasangraha the ahargana from the beginning of the 
Kaliyuga till Nilakantha’s beginning to write this book was 1,680,548 
(= 20 April 1500), and the ahargana till his completing it was 1,680,553 
(= 25 April 1500). In part then, the Jyotirmimamsd can be considered a 
justification for the innovations in siddhaantic astronomy that Nilakantha 
introduced in the Zantrasangraha and Siddhantadarpana. 

And Nilakantha did change many parameters. As examples I will 
present his mean motions for the planets and his sizes for the epicycles 
in the Siddhdntadarpana and in the Tantrasangraha.’ | compare the 
Siddhantadarpana’s parameters with those of the Brahmapaksa. 


Siddhantadarpana® Bradhmapaksa? 
(Rotations in a Kalpa) (Rotations in a Kalpa) 


Saturn 146,571,016 146,567,298 
Jupiter 3 364,160,611 364,226,455 
Mars 2,296,862,137 2,296,828,522 
Sun 4,320,000,000 4,320,000,000 
Venus’ sighra 7,022,270,552 7,022,389,492 
Mercury’s sighra 17,937,120,175 17,936,998,984 
Moon 5... 15.5.2.) 3] 57,753,300,000 
Lunar Apogee 488,123,318 488,105,858 
Lunar Node — 232,296,745 —232,311,168 


There is no simple relationship between these two columns of 
numbers. Moreover, although the number of civil days in a Kalpa 
according to the Siddhantadarpana — 1,577,917,839,500 — is greater 
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than is that of the Brahmapaksa — 1,577,916,450,000, the numbers of 
rotations are not uniformly more so that the mean daily motions might 
be reasonably close to each other; instead, a widely differing pattern 
of changes in mean daily motions occurs. 


Siddhantadarpana 


0:2,0,23,2,2040,...° 
0:4.59:5.51 55.24, .. 
0:31, 26,2940,12.315..- 
0:59.80, 00, 10415.91,... 
Venus’ Ssighra ¥530;7,50j)20.00.20,... © 1,36,/,44,33,16,45, .-. 
Mercury's Sistra = 4:5.32:73. 59 27-21, ..-° | 455,32,18.27,45,33, ..; 
Moon 15.10.34 51.01.81 8δ.. 13:105452.46.30,13,.... 
0;6,40,55,22,23,0, ...° 0;6,40,53,56,32,54, ...° 
—Q);3,10,47,58,0,6, ...° —0);3,10,48,20,6,41, ...° 


Brahmapaksa 


0:2.0,22.,51,43,54,.. 
0:4.59,9.8,37/.23; =.= 

0:31,26,28,6,47,12, ... 
0:59. 3,10,21,33;30, ... 


Saturn 
Jupiter 
Mars 
Sun 


Lunar Apogee 
Lunar Node 


The Siddhantadarpana’s parameters diverge either positively or 
negatively from the Brahmapaksa’s in the third sexegesimal place; this 
will affect the degrees of different planets’ longitudes in about 15 to 
60 years. Unfortunately, Nilakantha neither describes how he arrived 
at these numbers from observations nor how he revised the length of 
a year.!® 

The next table compares the rotations of the planets in a 
Mahayuga according to the Zantrasangraha, the Aryabhatiya,'' and 
the Siiryasiddhanta'? 


Tantrasangraha 
(Rotations in a 


Aryabhatiya 
(Rotations in a 


Suryasiddhanta 
(Rotations in a 


Saturn 
Jupiter 
Mars 

Sun 

Venus’ sighra 
Mercury's 
Sighra 
Moon 

Lunar 
Apogee 
Lunar Node 


Mahayuga) 


146,612 
364,180 
2,296,864 
4,320,000 
7,022,268 


17,937,048 
57,753,320 


488.122 
~232,300 


Difference 


52.13 6 ἡ 
44=11]1 x 4 
40=10 x 4 
0 


120 = 30 x 4 


28.5 1 κα 4 
i6= 4 x 4 


3 
74 


Mahayuga) 


146,564 
364,224 
2,296,824 
4,320,000 
7,022,388 


17,937,020 
57,753,336 


488,219 
~232,226 


23. 


Difference 


4 Ξ τκ 4 
4=1x4 
S= 7.x ἢ 
0 

iz=3 x 4 


40 = 10 x 4 
0 


146=4x 4 
12 = 3 x 4 


Mahayuga) 


146,568 

364,220 
2,296,832 
4,320,000 
7,022,376 


17,937,060 
57,753,336 


488,203 
—~ 252,238 


Pathways into the Study of Ancient Sciences 


In this case the differences between each pair of columns are always 
multiples of four rotations except in the cases of the lunar apogee 
and lunar node according to the Zantrasangraha. Again, however, the 
parameters in column 1 are sometimes greater and sometimes less than 
those in columns 2 and 3. But the number of civil days in a Mahayuga in 
the Tantrasangraha is the same as in the Aryabhatiya — 1,577,917,500. 
Therefore, the Jantrasangraha mean daily motions are sometimes more 
and sometimes less than the Aryabhatiya’s 


Tantrasangraha Aryabhatiya 


Saturn O20 20.0 ea 0;2,0,22,41,41,32,...° 
Jupiter 0:4,59,6,50,32,53,. «4.5 0:4,59,9.0,38,91,5. 00° 
Mars 0;31,26,29,47,10,42, ...° 0:31 ,26.2748 94,22... 0° 
Sun 0:59.8:10,13,3,31,..3° O:59.8, 10;513,3.3 1.0.0 
Venus’ Sighra 1:36,7,38,22,15,43,.... 1;36,7,44,17,4,45, ...° 
Mercury’s Sighra  4;5,32,49,51,28,57, ...° 4;5,32,18,54,36,24, ...° 
Moon 13310,34/51,25,25.43, ...° 135005 34,92,39, 18, 562.” 
Lunar Apogee 0;6,40,54,43,19,0, ...° 0);6,40,59,30,7,38, ...° 
Lunar Node —:3,10,47,46.37,57, .. <° —Q):3,10,44,7,49,44,....° 


Again, the deviations occur in the third sexegesimal place. More 
disturbing is the fact that, on comparing the mean daily motions of 
the Siddhantadarpana with those of the Tantrasangraha, one notices 
divergences in the third sexegesimal places of Saturn, Jupiter, Mercury’s 
Sighra, the Lunar Apogee, and the Lunar Node. Are these the results of 
new computations, or simply of his accepting Aryabhata’s year length 
and the restriction that his new numbers of rotations must (except in 
the cases of the Lunar Apogee and Node) differ from Aryabhata’s by a 
multiple of four? I see no way to answer this question from the scanty 
facts that we are given. 

Nilakantha’s apogees and nodes according to the Siddhantadarpana 
in Kali 4800 (= A.D. 1699)!> and permanently according to the 
Tantrasangraha" are all very close to their values in the Saurapaksa;'° 
the differences would have only a minute effect on their true longitudes. 
Similarly, Nilakantha’s circumferences of the sighra-epicycles,'° meas- 
ured in multiples of eightieths of 360° = 4;30° as also had Aryabhata’s 
been, are identical for both their maximum and minimum sizes with 
his;!’ the circumference’s of the manda-epicycles of the Sun and the 
Moon are identical with Aryabhata’s, that of Mars is the mean of 
Aryabhata’s maximum and minimum, and the rest are independent. 
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Nilakantha Aryabhatiya 
Saturn 45° 58;30° — 40;30° 
Jupiter 36° 36° — 31;30° 
Mars Ide 81° — 63° 
Venus 13:305 18° — 9° 
Mercury 63° 313;30° — 22;30° 


Only Mercury’s epicycle is wildly different. Therefore, the parameters 
of Nilakantha’s models!® that enable one to compute true longitudes 
from mean and, in the case of observations, mean longitudes from true, 
have not been radically changed from the traditional parameters except 
in the case of Mercury’s manda-epicycle. 

But it has recently been noted that Nilakantha radically reformed the 
traditional Indian planetary models. The claim is that for both superior 
and inferior planets the Sighravrtta, whose center is the center of the 
earth, is the concentric circle on which the mean Sun moves; that the 
mean Sun on this circle is the center of the mandavrtta, of designated 
size for each planet, on which “moves” the mandocca; and that the 
mandocca is the center of the circle on which the planet moves at its 
mean velocity (the grahabhramanavrtta). For the superior planets the 
radius of the sighravrtta is τσ (which is derived as a fraction of the 
Radius, R, by the formula: 


eeantins Co 
360° 


Ig 


where c, is the circumference of the sighra epicycle given in the text), 
and the radius of the circle on which the planet moves is R; for inferior 
planets the radius of the sighravrtta is Κα, that of the circle on which the 
planet moves is r,. This would make Nilakantha’s system very close to 
being Tychonic if the mean Sun, whose longitude is measured on the 

Sighravrttas, were at the true solar distance. But this interpretation is, I 
believe, contrary both to Nilakantha’s own description of his planetary 
models and to his rules for computing the geocentric distances of the 

planets, both of which remain for the most part faithful to the theories 
of traditional siddhantic astronomy. 

In the traditional view!’ the earth is at the center of the concentric 
deferents bearing the center of the manda epicycles of the Sun and 
the Moon and the centers of both the manda and the Sighra epicycles 
of each of the five planets. On each epicycle, whose dimensions are 
designated in the siddhanta or karana, moves an apogee which “pulls” 
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the mean luminary or planet at its center towards itself. The application 
of the manda equation to the mean longitudes of the Sun and the Moon 
produces the true longitudes of those bodies; the true longitudes of 
the five planets are computed by merging the influences of the two 
equations for each. The difference between the models for the superior 
planets and those for the inferior planets is that, while all the centers 
of the epicycles travel on their concentric deferents at a rate of motion 
for each yojana that is common to all seven celestial bodies, the centers 
of the epicycles of the superior planets are the planets themselves, but 
the centers of the epicycles of the inferior planets have the longitude 
of-the mean Sun. Since they all travel an identical number of yojanas 
in a yuga, each on its own deferent, the radii of these deferents are 
inversely proportional to each planets’ number of revolutions in a yuga. 
Thus the increasing number of revolutions in a Kalpa or Mahayuga as 
one descends from Saturn to the Moon indicates that the distances of 
the celestial bodies from the earth increase from that of the Moon to 
that of Saturn. 

Nilakantha describes his system most clearly in Siddhantadarpana? 
19—21b; in this translation I am guided by Nilakantha’s own commentary. 

19 “(The centers of) the circles on which the planets move 
(grahabhramanavrttani) move on the manda circle with the velocities of 
the (manda) apogees.** For the Sun and the Moon that (manda circle) 
has its center at the center of the solid earth. 

20. For the other (planets) the center of that (manda circle) moves on 
the sighra circle (whose radius is τσ) with the velocity of the mean Sun. 
Their saighra (Sighra circle), which is at the middle of the spheres, is 
not deflected (in latitude) from the circle of the (ecliptic) constellations. 

21. Their own (circles) (svavrtta = grahabhramanavrtta) of Mercury 
and Venus, because they are their Saighras (the circles on which they 
move with their tabulated sighra velocities),?> are measured by their 
(the sighra-epicycles’) degrees.”74 

These are indeed significant changes in the traditional siddhantic 
planetary models, though not outside of some of the basic concepts of 
that tradition: that the system is geocentric, that the single recognized 
anomalies for each of the two luminaries is accounted for by a single 
manda epicycle (Nilakantha does not take into consideration the second 
lunar equation found already in Munjala in the tenth century), that 
the two anomalies of each of the five planets are accounted for by 
two epicycles, the manda and the Sighra. But for the planets he has 
rearranged the deferent circles and the two epicycles, apparently in 
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an effort to improve the latitude theory. It is a pity that he nowhere 
discussed in detail the process that led him to this result. 

In one other crucial aspect he adheres to tradition. This is in regard 
to the distances of the orbits of the celestial bodies from the central 
earth. His rules for computing these distances, or rather the yojanas 
that measure the circumferences of those orbits and that, when divided 
by 27, give the distances in yojanas, are found in the 7antrasangraha. 

4.8ς--90: “The radius (of the Moon’s orbit, that is, 402% i600 —+——) multiplied 
by 10 is (the number of) yojanas in the radius of the ἘΠῚ of the Moon; 
that multiplied by the rotations of the Moon (in a Mahayuga) and 
divided by (the number of) its own rotations (is the number of yojanas 
in the radius of the orbit) of the Sun.” 

More succinctly, the mean distance of the Moon from the earth is 
ee yojanas, and that of the Sun 21g x δῦσα, yojanas. The 
mean circumference of the orbit of the Moon is 216,000 yojanas, that 
of the orbit of the Sun 2,887,666 yojanas. 

8,36c—d: “The (orbit) of (each of) the other (planets) is to be derived 
from the orbit of the Moon as (was that of) the Sun.” 

More succinctly, the mean circumference of the orbit of one of the 
five planets is 216,000 yojanas multiplied by 57,753,320 and divided 
by the number of its rotations in a Mahayuga. In this rule, the divisor 
for Venus is 7,022,268, and the mean circumference of Venus’ orbit is 
1,776,451 yojanas; the divisor for Mercury’s orbit is 17,937,048, and 
the mean circumference of Mercury’s orbit 1s 695,472 yojanas. 

Thus the mean Sun that is the center of the manda circle of the 
inferior planets is not at the distance from the earth occupied by the 
Sun itself; nor are the centers of the manda epicycles of the superior 
planets, which are much further away from the earth. 

Elsewhere in the Zantrasangraha Nilakantha makes clear that he 
wants us to understand his system in this way. For he gives a rule for 
computing the momentary orbit in yojanas of an inferior planet: 

8, 37c—38b: “The accurate orbit of Venus and Mercury is (obtained) 
from (its mean) orbit multiplied by its sighra hypotenuse (the distance 
measured in parts of R from the center of the earth to the planet) and 
divided by the radius (R) of the (deferent) circle.” 

The maximum and minimum distances of the planets are R + r,, + 


rz,and R — Rs + ra). For Venus the limits are ~~ plas ai Ὅς (1 Ἔ (8) and 


27 
ii made significant Byte in Indian planetary aa he 
did not anticipate Tycho Brahe. 


695,472 See 695,472 
ἐξ yojanas, for Mercury + x (1 + i) ad = Xs 33 
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NOTES 


' Jyotirmimamsd ed. K.V. Sarma, Panjab University Indological Series 11, Hoshiapur 
1977. 

2D. Pingree, Census of the Exact Sciences in Sanskrit, Series A, vols. 1-5, 
oe 1971-- 1994, vol. 3, 175b—177b; vol. 4, 142a—-142b; and vol. 5, 186a. 


4 Ibid., p. 35. 
‘ Siddhantadarpana, ed. K.V. Sarma, Panjab University Indological Series 7, 
Hoshiapur 1976; this edition contains what remains of Nilakantha’s own commentary. 


δ΄ Tantrasangraha ed. K.V. Sarma, Panjab University Indological Series 10, Hoshiapur 
1977; this edition includes the Yuktidipika and the Laghuvriti, both by Sankara, a 
pupil of Nilakantha. 
? See D. Pingree, “History of Mathematical Astronomy in India’, in C.C. Gillispie, 
ed., Dictionary of Scientific Biography, vol. 15, New York, 1978, pp. 533~633, esp. 
pp. 621-623. 

Siddhdntadarpana 2-7, 
Pingree, “History” (see note 7), p. 556. 
The only observations of his own that Nilakantha refers to in the works associated 
with his new models are used to show that the trepidational motion affects all the 
fixed stars, not just the ecliptic. These are listed in his Siddhdntadarpanavydkhya (p. 
16): 


1. The Moon occulted Citra when the ahargana of Kali was 1,677,647 (= 12 April 
1492). The longitude of the Moon at sunset on 11 April 1492 was 197°, its 
latitude —2°. Citra is a Virgo, whose longitude in 1492 was 197;20° and whose 
latitude was ~—1;56°. 


9 
10 


2. Mercury was north of Citra when the ahargana was 1,678,524;30 (= sunset of 6 
September 1494). The longitude of Mercury was 196;48°, its latitude —1;45°. 

3. Rohini was seen above the Moon when the ahargana was 1,679,003 (= 28 
December 1495); the longitude of the Moon at sunset was 64°, its latitude —4°. 
Rohini is ἃ Tauri, whose longitude in 1495 was 63;14° and latitude 5:37". 


These observations may also have been used in correcting the mean motions of 
the Moon and the Mercury, but Nilakantha does not say that they were nor does he 
Gescribe how they would have been analysed to provide a correction. 

Pingree, “History”, p. 590. 

Ibid., p. 608. : 

Ibid., p. 623. 

Ibid., p. 622. 

Ibid., p. 610. 

{bid., p. 623. 

Ibid., p. 592. 

’ K. Ramasubramanian, M.D. Srinivas, and M.S. Sriram, “Modification of the Earlier 
Indian Planetary Theory by the Kerala Astronomers (c. 1500 A.D.) and the Implied 
Heliocentric Picture of Planetary Motion”, Current Science 66, 1994, 784-790. A 
seminar on the Tantrasangraha and this interpretation of it was held in Madras on 
11-13 March 2000; the proceedings are not yet available. 

Pingree, “History”, p. 558. 

0 Thid., pp. 556, 591, 608, and 609. 

2: ‘These verses are rather awkwardly translated by Subramanian et al., “Modification”, 
. 188-789. 

“In Siddhantadarpana 22 and its commentary the grahabhramanavrtta is called the 

pratimandalam, which is in turn called the jnatabhogagraha, “(the circle) on which 
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is the planet whose motion is known”; its radius is said to be R (this applies only 
to the three superior planets). Another circle with equal radius has its circumference 
touched by a line from the planet to the center (of the earth) at the point where 
its (geocentric) motion (in longitude) is to be known; this is what Aryabhata called 
the orbital circle (kaksyavrtta), the computation of whose radius in yojanas will be 
described below, 

*3 The rotations of the Sighrocca of Mercury are given in Siddhantadarpana 4 as 
being “on its own circle’, i.e., on its grahabhramanavrtta; the same must hold for 
the motion of Venus’ sighrocca in agreement with Jantrasangraha | 16-18. 

*4 This means that, for the inferior planets, the radius of the svavrttas are to R, 
the radius of the concentric deferent, as cz is to 360°. The svavrtta, as Nilakantha 
explains in his commentary, still has 360° in its circumference, but its size is smaller. 
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The logic of non-Western science: 
mathematical discoveries in medieval India 


Ohe of the most significant things one 
learns from the study of the exact sci- 
ences as practiced in a number of an- 
cient and medieval societies is that, 
while science has always traveled from 
one culture to another, each culture be- 
fore the modern period approached the 
sciences it received in its own unique 
way and transformed them into forms 
compatible with its own modes of 
thought. Science is a product of culture; 
it is not a single, unified entity. There- 
fore, a historian of premodern scientific 
texts -- whether they be written in Akka- 
dian, Arabic, Chinese, Egyptian, Greek, 
Hebrew, Latin, Persian, Sanskrit, or any 
other linguistic bearer of a distinct cul- 
ture — must avoid the temptation to con- 
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ceive of these sciences as more or less 
clumsy attempts to express modern sci- 
entific ideas. They must be understood 
and appreciated as what their practition- 
ers believed them to be. The historian is 
interested in the truthfulness of his own 
understanding of the various sciences, 
not in the truth or falsehood of the sci- 
ence itself. 

In order to illustrate the individuality 
of the sciences as practiced in the older 
non-Western societies, and their differ- 
ences from early modern Western sci- 
ence (for contemporary science is, in 
general, interested in explaining quite 
different phenomena than those that 
attracted the attention of earlier scien- 
tists), | propose to describe briefly some 
of the characteristics of the medieval 
Indian sastra of jyotisa. This discipline 
concerned matters included in such 
Western areas of inquiry as astronomy, 
mathematics, divination, and astrology. 
In fact, the jyotisis, the Indian experts in 
jyotisa, produced more literature in these 
areas — and made more mathematical 
discoveries — than scholars in any other 
culture prior to the advent of printing. In 
order to explain how they managed to 
make such discoveries -- and why their 
discoveries remain largely unknown -- I 
will also need to describe briefly the gen- 
eral social and economic position of the 
jyotisis. 
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( 
δα (‘teaching’) is the word in San- 
skrit closest in meaning to the Greek 
᾿ἐπιστήμη᾽ and the Latin ‘scientia.’ The 
teachings are often attributed to gods 
or considered to have been composed by 
divine rsis; but since there were many of 
both kinds of superhuman beings, there 
were many competing varieties of each 
Sastra. Sometimes, however, a school 
within a sastra was founded by a human; 
scientists were free to modify their 
Sastras as they saw fit. No one was con- 
strained to follow a system taught by a 
god. 

Jyotih is a Sanskrit word meaning 
‘light,’ and then ‘star’ ; so that jyotihsastra 
means ‘teaching about the stars.’ This 
Sdstra was conventionally divided into 
three subteachings: ganita( mathematical 
astronomy and mathematics itself ), sam- 
hita (divination, including by means of 
celestial omens), and hora (astrology). A 
number of jyotisis (students of the stars) 
followed all three branches, a larger 
number just two (usually samhita and 
hora), and the largest number just one 
(hora). 

The principal writings in jyotihsastra, 
as in all Indian Sdastras, were normally in 
verse, though the numerous commen- 
taries on them were almost always in 
prose. The verse form with its metrical 
demands, while it aided memorization, 
led to greater obscurity of expression 
than prose composition would have en- 
tailed. The demands of the poetic meter 
meant that there could be no stable tech- 
nical vocabulary ; many words with dif- 
ferent metrical patterns had to be de- 
vised to express the same mathematical 
procedure or geometrical concept, and 
mathematical formulae had frequently 
to be left partially incomplete. More- 
over, numbers had to be expressible in 
metrical forms (the two major systems 
used for numbers, the bhutasankhyd and 
the katapayadi, will be explained and ex- 


emplified below), and the consequent 
ambiguity of these expressions encour- 
aged the natural inclination of Sanskrit 
pandits to test playfully their readers’ 
acumen. It takes some practice to 
achieve sureness in discerning the 
technical meanings of such texts. 

But in this opaque style the jyotisis pro- 
duced an abundant literature. It is esti- 
mated that about three million manu- 
scripts on these subjects in Sanskrit 
and in other Indian languages still exist. 
Regrettably, only a relatively small num- 
ber of these has been subjected to mod- 
ern analysis, and virtually the whole en- 
semble is rapidly decaying. And because 
there is only a small number of scholars 
trained to read and understand these 
texts, most of them will have disap- 
peared before anyone will be able to 
describe correctly their contents. 


ts order to make my argument clearer, 
I will restrict my remarks to the first 
branch of jyotihsastra — ganita. Geometry, 
and its branch trigonometry, was the 
mathematics Indian astronomers used 
most frequently. In fact, the Indian as- 
tronomers in the third or fourth century, 
using a pre-Ptolemaic Greek table of 
chords,’ produced tables of sines and 
versines, from which it was trivial to de- 
rive cosines. This new system of trigo- 
nometry, produced in India, was trans- 
mitted to the Arabs in the late eighth 
century and by them, in an expanded 
form, to the Latin West and the Byzan- 
tine East in the twelfth century. But, de- 
spite this sort of practical innovation, 
the Indians practiced geometry without 
the type of proofs taught by Euclid, in 


1 For a description of the table of chords, cy- 
clic quadrilaterals, two-point iteration, fixed- 
point iteration, and several other mathematical 
terms mentioned in this essay, please see Vic- 
tor J. Katz, A History of Mathematics: An Intro- 
duction (New York: HarperCollins, 1993). 
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which all solutions to geometrical prob- 
lems are derived from a small body of 
arbitrary axioms. The Indians provided 
demonstrations that showed that their 
solutions were consistent with certain 
assumptions (such as the equivalence 

of the angles in a pair of similar triangles 
or the Pythagorean theorem) and whose 
validity they based on the measurement 
of several examples. In their less rigor- 
ous approach they were quite willing to 
be satisfied with approximations, such 
as the substitution of a sine wave for al- 
most any curve connecting two points. 
Some of their approximations, like those 
devised by Aryabhata in about 500 for 
the volumes of a sphere and a pyramid, 
were simply wrong. But many were sur- 
prisingly useful. 

Not having a set of axioms from which 
to derive abstract geometrical relation- 
ships, the Indians in general restricted 
their geometry to the solution of practi- 
cal problems. However, Brahmagupta 
in 628 presented formulae for solving a 
dozen problems involving cyclic quadri- 
laterals that were not solved in the West 
before the Renaissance. He provides no 
rationales and does not even bother to 
inform his readers that these solutions 
only work if the quadrilaterals are cir- 
cumscribed by a circle (his commenta- 
tor, Prthudakasvamin, writing in about 
864, follows him on both counts). In this 
case, and clearly in many others, there 
was no written or oral tradition that pre- 
served the author’s reasoning for later 
generations of students. Such disdain 
for revealing the methodology by which 
mathematics could advance made it dif- 
ficult for all but the most talented stu- 
dents to create new mathematics. It is 
amazing to see, given this situation, 
how many Indian mathematicians did 
advance their field. 

I will at this point mention as exam- 
ples only the solution of indeterminate 
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equations of the first degree, described 
already by Aryabhata; the partial solu- 
tion of indeterminate equations of the 
second degree, due to Brahmagupta; 
and the cyclic solution of the latter type 
of indeterminate equations, achieved by 
Jayadeva and described by Udayadiva- 
kara in 1073 (the cyclic solution was 
rediscovered in the West by Bell and Fer- 
mat in the seventeenth century ). Inter- 
polation into tables using second-order 
differences was introduced by Brah- 
magupta in his Khandakhadyaka of 665. 
The use of two-point iteration occurs 
first in the Paficasiddhantika composed by 
Varahamihira in the middle of the sixth 
century, and fixed-point iteration in 

the commentary on the Mahabhaskariya 
written by Govindasvamin in the middle 
of the ninth century. The study of com- 
binatorics, including the so-called Pas- 
cal’s triangle, began in India near the 
beginning of the current era in the Chan- 
dahsutras, a work on prosody composed 
by Pingala, and culminated in chapter 

13 of the Ganitakaumudi completed by 
Narayana Pandita in 1350. The four- 
teenth and final chapter of Narayana’s 
work is an exhaustive mathematical 
treatment of magic squares, whose study 
in India can be traced back to the Brhat- 
samhita of Varahamihira. 

In short, it is clear that Indian mathe- 
maticians were not at all hindered in 
solving significant problems of many 
sorts by what might appear to a non- 
Indian to be formidable obstacles in the 
conception and expression of mathe- 
matical ideas. 

Nor were they hindered by the restric- 
tions of ‘caste,’ by the lack of societal 
support, or by the general absence of 
monetary rewards. It is true that the 
overwhelming majority of the Indian 
mathematicians whose works we know 
were Brahmanas, but there are excep- 
tions (e.g., among Jainas, non-Brah- 
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manical scribes, and craftsmen). Indian 
society was far from open, but it was not 
absolutely rigid; and talented mathe- 
maticians, whatever their origins, were 
not ignored by their colleagues. Howev- 
er, astrologers (who frequently were not 
Brahmanas) and the makers of calendars 
were the only jyotisis normally valued by 
the societies in which they lived. The at- 
traction of the former group is easily 
understood, and their enormous popu- 
larity continues today. The calendar- 
makers were important because their job 
was to indicate the times at which rituals 
could or must be performed. The Indian 
calendar is itself intricate: for instance, 
the day begins at local sunrise and is 
numbered after the tithi that is then cur- 
rent, with the tithis being bounded by 
the moments, beginning from the last 
previous true conjunction of the Sun 
and the Moon, at which the elongation 
between the two luminaries had in- 
creased by twelve degrees. Essentially, 
each village needed its own calendar to 
determine the times for performing pub- 
lic and private religious rites of all kinds 
in its locality. 

By contrast, those who worked in the 
various forms of ganita usually enjoyed 
no public patronage — even though they 
provided the mathematics used by archi- 
tects, musicians, poets, surveyors, and 
merchants, as well as the astronomical 
theories and tables employed by astro- 
logers and calendar-makers. Sometimes 
a lucky mathematical astronomer was 
supported by a Maharaja whom he 
served as a royal astrologer and in whose 
name his work would have been pub- 
lished. For example, the popular Rajamr- 
ganka is attributed, along with dozens of 
other works in many sastras, to Bhojade- 
va, the Maharaja of Dhara in the first 
half of the eleventh century. Other jyoti- 
sis substituted the names of divinities or 
ancient holy men for their own as au- 
thors of their treatises. Authorship often 
brought no rewards; one’s ideas were 


often more widely accepted if they were 
presented as those of a divine being, a 
category that in many men’s minds in- 
cluded kings. 

One way in which a jyotisi could make 
a living was by teaching mathematics, 
astronomy, or astrology to others. Most 
frequently this instruction took place 
in the family home, and, because of the 
caste system, the male members of a 
jyotisi’s family were all expected to fol- 
low the same profession. A senior jyotisi, 
therefore, would train his sons and often 
his nephews in their ancestral craft. For 
this the family maintained a library of 
appropriate texts that included the com- 
positions of family members, which 
were copied as desired by the younger 
members. In this way a text might be 
preserved within a family over many 
generations without ever being seen 
by persons outside the family. In some 
cases, however, an expert became well 
enough known that aspirants came from 
far and wide to his house to study. In 
such cases these students would carry 
off copies of the manuscripts in the 
teacher’s collection to other family 
libraries in other locales. 

The teaching of jyotihsastra also oc- 
curred in some Hindu, Jaina, and Bud- 
dhist monasteries, as well as in local 
schools. In these situations certain stan- 
dard texts were normally taught, and the 
status of these texts can be established 
by the number of copies that still exist, 
by their geographical distribution, and 
by the number of commentaries that 
were written on them. 

Thus, in ganita the principal texts used 
in teaching mathematics in schools were 
clearly the Lilavati on arithmetic and the 
Bijaganita on algebra, both written by 
Bhaskara in around 1150, and, among 
Jainas, the Ganitasarasangraha composed 
in about 850 by their coreligionist, Ma- 
havira. In astronomy there came to be 
five paksas (schools): the Brahmapaksa, 
whose principal text was the Siddhanta- 
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siromani of the Bhaskara mentioned 
above; the Aryapaksa, based on theArya- 
bhatiya written by Aryabhata in about 
500; the Ardharatrikapaksa, whose princi- 
pal text was the Khandakhadyaka com- 
pleted by Brahmagupta in 665; the 
Saurapaksa, based on the Siuryasiddhanta 
composed by an unknown author in 
about 800; and the Ganesapaksa, whose 
principal text was the Grahalaghava au- 
thored by GaneSa in 1520. Each region 
of India favored one of these paksas, 
though the principal texts of all of them 
enjoyed national circulation. The com- 
mentaries on these often contain the 
most innovative advances in mathemat- 
ics and mathematical astronomy found 
in Sanskrit literature. By far the most 
popular authority, however, was Bhas- 
kara; a special college for the study of his 
numerous works was established in 1222 
by the grandson of his younger brother. 
No other Indian jyotisi was ever so hon- 
ored. 

Occasionally, indeed, an informal 
school inspired by one man’s work 
would spring up. The most noteworthy, 
composed of followers of Madhava of 
Sangamagrama in Kerala in the extreme 
south of India, lasted for over four hun- 
dred years without any formal structure 
— simply along succession of enthusiasts 
who enjoyed and sometimes expanded 
on the marvelous discoveries of Madha- 
va. 


Maahava (c. 1360 -- 1420), an Empran- 
tiri Brahmana, apparently lived all his 
life on his family’s estate, Ilafnipalli, in 
Sangamagrama (lrinjalakhuda) near 
Cochin. His most momentous achieve- 
ment was the creation of methods to 
compute accurate values for trigonomet- 
ric functions by generating infinite se- 
ries. In order to demonstrate the charac- 
ter of his solutions and expressions of 
them, I will translate a few of his verses 
and quote some Sanskrit. 
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He began by considering an octant of 
a circle inscribed in a square, and, after 
some calculation, gave the rule (J trans- 
late quite literally two verses): 


Multiply the diameter (of the circle) by 4 
and divide by 1. Then apply to this sepa- 
rately with negative and positive signs 
alternately the product of the diameter 
and 4 divided by the odd numbers 3, 5, 
and so on.... The result is the accurate 
circumference; it is extremely accurate 
if the division is carried out many times. 


This describes the infinite series: 


᾿ς 4D_ 4D, 4D_ 40. 4D 

ce a es ae 
That in turn is equivalent to the infinite 
series for z that we attribute to Leibniz: 


Madhava expressed the results of this 
formula in a verse employing the 
bhitasankhya system, in which numbers 
are represented by words denoting 
objects that conventionally occur in the 
world in fixed quantities: 


vibudhanetragajahihutasanatrigunaved- 

abhavaranabahavah | 

navanikharvamite vrtivistare 
paridhimanam idam jagadur budhah II 


A literal translation is: 


Gods [33], eyes [2], elephants [8], snakes 
[8], fires [3], three [3], qualities [3], Vedas 
[4], naksatras [27], elephants [8], and arms 
[2] -- the wise say that this is the measure 
of the circumference when the diameter 
of a circle is nine hundred billion. 


The bhutasankhya numbers are taken in 
reverse order, so that the formula is: 


_ 2827433388233 
~~ 900000000000 


(= 3.14159265359, which is correct to the 
eleventh decimal place). 
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Another extraordinary verse written by 
Madhava employs the katapayadi system 
in which the numbers 1, 2, 3, 4, 5, 6, 7, 8, 
g, and o are represented by the consonants 
that are immediately followed by a vowel; 
this allows the mathematician to create a 
verse with both a transparent meaning 
due to the words and an unrelated nu- 
merical meaning due to the consonants 
in those words. Madhava’s verse is: 


vidvams tunnabalah kavisanicayah sar- 
varthasilasthiro 
nirviddhanganarendrarun 


The verbal meaning is: “The ruler whose 
army has been struck down gathers to- 
gether the best of advisors and remains 
firm in his conduct in all matters; then 
he shatters the (rival) king whose army 
has not been destroyed.” 

The numerical meaning is five sexa- 
gesimal numbers: 


0;0,44 

0 ;33,6 
16;5,41 
273;57,47 
2220.,;39,40. 


These five numbers equal, with R = 
3437 344,48 (where R is the radius) : 


5400} 
ΚΙΌ11! 


54009 
R89! 


54007 
R°7! 


54005 
R45! 


5400? 
R23!) 


These numbers are to be employed in 
the formula: 


baile θ γ3[54003 /_@_\ 
sin = θ- [- 9. ἢ R23! -(za00) 


§4005 
R45! 


_{_@ "Sago θ "| 500 - 
5400 R67! 5400 R89! 


(seo) Ferri 

S400]  κ1011! 

and this formula is a simple transforma- 
tion of the first six terms in the infinite 
power series for sin®@ found indepen- 
dently by Newton in 1660: 


sin@ = 
θ3 Sin θ5 = 07 


Es 609 gil 
R231 R45! R87! 


R89 ROTI 


Not surprisingly, Madhava also discov- 
ered the infinite power series for the 
cosine and the tangent that we usually 
attribute to Gregory. 


‘lke European mathematicians of the 
seventeenth century derived their 
trigonometrical series from the applica- 
tion of the calculus; Madhava in about 
1400 relied on a clever combination of 
geometry, algebra, and a feeling for 
mathematical possibilities. I cannot here 
go through his whole argument, which 
has fortunately been preserved by several 
of his successors; but I should mention 
some of his techniques. 

He invented an algebraic expansion 
formula that keeps pushing an unknown 
quantity to successive terms that are 
alternately positive and negative; the 
series must be expanded to infinity to get 
rid of this unknown quantity. Also, 
because of the multiplications, as the 
terms increase, the powers of the indi- 
vidual factors also increase. One of these 
factors in the octant is one of a series of 
integers beginning with 1 and ending 
with 3438 — the number of parts in the 
radius of the circle that is also the tan- 
gent of 45°, the angle of the octant; this 
means that there are 3438 infinite series 
that must be summed to yield the final 
infinite series of the trigonometrical 
function. 
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It had long been known in India that 
the sum of a series of integers beginning 
with 1 and ending with nis: 

(n—1) a : 
n( 5 > +n. Since ἢ 
here equals 3438, Madhava decided that 


One re ee 
+1), that is, 5 


π΄ 1. 3239. Sin 
n->, which equals*-,—, is negligible 
ee ta 34382 

with respect to ὩΣ Therefore, an 
approximation to ree sum of the 

series of n integers is 5 > - Similarly, the 
sums of the squares of a series of n inte- 


gers beginning with 1 was known to be 


mie Es Denis large, this 


n(n +1) 


is approximately equal to since 


—(n+ 


1) 
ποτ is negligible. But, with n = 3438, 


3438 x 3439" i little different from~—3 


Therefore, as an approximation, the sum 
of the series of the ee of 3438 inte- 


gers beginning with 1 is > = . Finally, it 

was known that the sum of the cubes of 

a series of n numbers beginning with1 
2%, 2 ; 

is: (2) (n+1)% or ene lf nis 3438, 

there is little difference between 


2. ° p) 4 
3435. Ἀ3499- and ae . Therefore, the 
yA 


expression v4 is a Close approximation 
to the sum of the cubes of a series of n 
numbers beginning with 1. From these 
three examples Madhava guessed at the 
general rule that the sum of n numbers 
in an arithmetical series beginning with 
1 all raised to the same poweh p, is ap- 


nes 
proximately equal to -—— a 


It had also been realized in India since 
the fifth century — from examining the 


sine table in which the radius of the cir- 


21,600 
cle, R, jg (which was approximat- 


ed by 3438) and in which there are 24 
sines in a quadrant of 90°, so that the 
length of each arc whose sine is tabulat- 
ed is 225’ — that the sine of any tabulated 
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34383 


angle @ is equal to θ minus the sum of 
the sums of the second differences of the 
sines of the preceding tabulated angles. 
Madhava discovered, by some very 
clever geometry, that the sum of the 
sums of the sec cond differences approxi- 
mately equals Ὡς 3, and that the versine of 
θ is approximately equal to 4. Ἢ - Since 
sin? @ = ΒΖ-- cos? @ and νογςθΞ R -- cos@, 
Madhava could correct the approxima- 
tion to the versine by the approximation 
to the sum of the sums of the second dif- 
ferences of tabulated sines: then he 
could correct the approximation to the 
sum of the sums of the second differ- 
ences by the corrected approximation 

to the versine; and he could continue 
building up the two parallel series by 
applying alternating corrections to 
them. He finally arrives at two infinite 
power series, cages if R = 1, to: 


ΕΙΣ θ΄ 69 
sin@ = θ - teat ope 
and 

02 94 0 98 
(050 Ξ1 -- ἘΠῚ - τι πὶ ee 


Sitcaient members of the ‘school’ of 
Madhava did remarkable work as well, 
in both geometry (including trigonome- 
try) and astronomy. This is not the occa- 
sion to recite their accomplishments, 
but I should remark here that, among 
these members, Indian astronomers 
attempted especially to use observations 
to correct astronomical models and their 
parameters. 

This began with Madhava’s principal 
pupil, a Nampttiri Brahmana named 
Paramesvara, whose family’s illam was 
Vatasreni in Asvatthagrama, a village 
about thirty-five miles northeast of 
Sangamagrama. He observed eighteen 
lunar and solar eclipses between 1393 
and 1432 in an attempt to correct tradi- 
tional Indian eclipse theory. One pupil 
of Paramesvara’s son, Damodara, was 
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Nilakantha -- another Namputiri Brah- 
mana who was born in 1444 in the Kelal- 
lur illam located at Kundapura, which is 
about fifty miles northwest of Asvattha- 
grama. 

Nilakantha made a number of obser- 
vations of planetary and lunar positions 
and of eclipses between 1467 and 1517. 
Nilakantha presented several different 
sets of planetary parameters and sig- 
nificantly different planetary models, 
which, however, remained geocentric. 
He never indicates how he arrived at 
these new parameters and models, but 
he appears to have based them at least in 
large part on his own observations. For 
he proclaims in his Jyotirmimamsa — con- 
trary to the frequent assertion made by 
Indian astronomers that the fundamen- 
tal siddhantas expressing the eternal rules 
of jyotihsastra are those alleged to have 
been composed by deities such as Surya 
— that astronomers must continually 
make observations so that the computed 
phenomena may agree as closely as pos- 
sible with contemporary observations. 
Nilakantha says that this may be a con- 
tinuous necessity because models and 
parameters are not fixed, because longer 
periods of observation lead to more ac- 
curate models and parameters, and be- 
cause improved techniques of observing 
and interpreting results may lead to su- 
perior solutions. This affirmation is al- 
most unique in the history of Indian jyo- 
tisa ; jyotisis generally seem to have mere- 
ly corrected the parameters of one paksa 
to make them closely corresponded to 
those of another. 

The discoveries of the successive gen- 
erations of Madhava’s ‘school’ contin- 
ued to be studied in Kerala within a 
small geographical area centered on San- 
gamagrama. The manuscripts of the 
school’s Sanskrit and Malayalam treatis- 
es, all copied in the Malayalam script, 
never traveled to another region of In- 


dia; the furthest they got was Katattanat 
in northern Kerala, about one hundred 
miles north of Sangamagrama, where 
the Rajakumara Sankara Varman repeat- 
ed Madhava’s trigonometrical series in a 
work entitled Sadratnamald in 1823. This 
was soon picked up by a British civil ser- 
vant, Charles M. Whish, who published 
an article entitled “On the Hindu Quad- 
rature of the Circle and the Infinite Se- 
ries of the Proportion of the Circumfer- 
ence to the Diameter in the Four Sastras, 
the Tantra Sangraham, Yocti Bhasha, 
Carana Paddhati and Sadratnamala” in 
Transactions of the Royal Asiatic Society in 
1830.2 While Whish was convinced that 
the Indians (he did not know of Madha- 
va) had discovered calculus -- a conclu- 
sion that is not true even though they 
successfully found the infinite series for 
trigonometrical functions whose deriva- 
tion was closely linked with the discov- 
ery of calculus in Europe in the seven- 
teenth century — other Europeans 
scoffed at the notion that the Indians 
could have achieved such a startling suc- 
cess. The proper assessment of Madha- 
ν᾿ 5 work began only with Κα. Mukunda 
Marar and C. T. Rajagopal’s “On the 
Hindu Quadrature of the Circle,” pub- 
lished in the Journal of the Bombay Branch 
of the Royal Asiatic Society in 1944. 


Se while the discoveries of Newton, 
Leibniz, and Gregory revolutionized 
European mathematics immediately 
upon their publication, those of Madha- 
va, Paramesvara, and Nilakantha, made 
between the late fourteenth and early 
sixteenth centuries, became known to a 
handful of scholars outside of Kerala in 


2 Note that the Tantrasangraha was written by 
the Nilakantha whom we have already men- 
tioned, the Yuktibhasa by his colleague and fel- 
low pupil of Damodara, Jyesthadeva, and the 
Karanapaddhati by a resident of the Putumana 
illam in Sivapura in 1723. 
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India, Europe, America, and Japan only 
in the latter half of the twentieth centu- 
ry. This was not due to the inability of 
Indian jyotisis to understand the mathe- 
matics, but to the social, economic, and 
intellectual milieux in which they 
worked. The isolation of brilliant minds 
was not uncommon in premodern India. 
The exploration of the millions of sur- 
viving Sanskrit and vernacular manu- 
scripts copied in a dozen different 
scripts would probably reveal a number 
of other Madhavas whose work deserves 
the attention of historians and philoso- 
phers of science. Unfortunately, few 
scholars have been trained to undertake 
the task, and the majority of the manu- 
scripts will have crumbled in just anoth- 
er century or two, before those few can 
rescue them from oblivion. 
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INDIAN INFLUENCE ON SASANIAN AND EARLY 
ISLAMIC ASTRONOMY AND ASTROLOGY 


By 
David Pingree, Chicago 


The study of the history of astronomy and astrology in Iran during the 
Sasanian period (226-652)! is rendered difficult by the fact that none 
of the contemporary Persian works on these subjects written in the 
Pahlavi language have been preserved in their original form. But there 
are numerous passages in other texts of the Sasanian period, and 
especially in the apologetic literature of the ninth century?, which give 
us some inkling of what those works were like. Thus, the Bundahishn devotes 
its second chapter to a discussion of the stars*, and its fifth chapter is con- 
cerned with the horoscope of the creation of Gayémart, the first man, and 
with other astrological details*. The Dénkart informs us of the traditional 
Iranian view of the transmission of the science®; this account is repeated 
and supplemented by a Persian astrologer whom Hiriin al-Rashid (786-809) 
placed in charge of his Khizanat al-hikma, Α ἢ Sahl al-Faql ibn Nawbakhté, 
in his Kitéb al-Nahmatin’. But it is mainly through the contemporaries 
of Ibn Nawbakht, of his father Nawbakht®, and of his grandson 

1. A brief survey from one point of view is given in my ‘‘Astronomy and Astrology in 
India and Iran ”’, Isis 44, 1963, 229-246, esp. 240 544 ; the present paper is intended to provide 
8 more complete (though still non-technical) survey. Note that all dates, unless otherwise 
specified, are in the Christian Era. | 

2. The latest complete surveys of Pahlavt literature are J.C.Tavadia, Die Mitte persische 
Sprache und Literature der Zarathustrier, Leipzig, 1956, and J. Duchesne-Guillemin, La re- 
ligion de | Iran ancien, Paris, 1962, pp. 52-63. A new history by J.P. de Menasce will appear 
in the volume of the Cambridge History of Iran devoted to the Sasanian period. 


_ 3. Translated by W.B. Henning, “ An astronomical Chapter of the Bundahishn ”, 
JRAS, 1942, 229-248. | 

4. The latest translation is by D.N. MacKenzie, “ Zoroastrian Astrology in the Bunda- 
hisn”’, BSOAS 27, 1964, 511-529. 

5. Translated by R.C. Zaehner, Zurvan: A Zoroastrian Dilemma, Oxford, 1955, 
pp. 7-9. 

6. See the Fihrist of Ibn al-Nadim, ed. G. Flijgel, Leipzig, 1871, p. 274; the Kitab tabagdt, 
al-umam of Sa<id al-Andalust, ed. L. Choikho, Beyrouth, 1912, p. 60; trans. R. Blachere, 
Paris, 1935, p.117; and tho Ta>rtkh a -hukam4’ of Ibn al-Qifti, ed. J. Lippzrt, Leipzig, 1903. 
pp. 255 and 409. 

7. Quoted by Ibn al-Nadim, pp. 238-239 ; translated in my The Thousands of Aba Ma- 
>Shar, which is in press at the Warburg Institute, London. 

8. Nawbakht, the astrologer of al-Mansir (754-775), assisted-Masha>allah in casting 
the horoscope of Baghdad in Rabi I 141 A.H. (12 July-11 August 758) according to al-Ya 
‘qabi’s Kitab al-Buldan, ed. M.J. de Goeje, BGA 7, 2nd ed., Leiden, 1892, p. 238 (Cf. p. 241); 
but al-Birdni in his Aj/-4 thar al-bagqiya ‘an al quran al-khidiya, ed. C.E. Sachau, repr. Leipzig, 
1923, pp. 270-271 ; trans. C.E. Sachau, London 1879, pp. 262-263, dates the horoscope 23 
Fammiaz 1074 of the Era of Alexander (24 July 762). See C.A. Nallino, Raccolta di scritté 
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al-Hasan® that we are able to learn something of the knowledge of the stars 
in Sasanian Iran. These Arabic sources will be described more fully later 
in this paper. , | 

Sasanian astronomy, as is characteristic of Sasanian thought in most fields 
of science and philosophy, was syncretistic—a blend of concepts and methods 
derived not only from Iran’s indigenous traditions, but also from those of her 
neighbours, and especially of India and the Hellenistic world (this latter 
influence was felt bothdirectly through Greek and indirectly through Syriac). 
It is primarily the Indian influence that will be investigated here. 


_ Our sources inform us that the first two Sasanian emperors—Ardashir I 
(226-240) and Shapfir I (240-270)—were dedicated to the expansion of the 
Iranian intellectual tradition, and supported the translations of Greek and 
Sanskrit books into Pahlavi!®, Thus we know that versions were made of 
Ptolemy’s Syntaxis mathématiké, which the Dénkart calls M.g:st.yk. 
(Megisté, whence the name al-Moajisti4!; the ninth century scholar 
‘Manushchihr mentions Ptalamayus (Ptolemaios) in connection with 
Indian and  lIranian astronomical tables Ztk ὁ Hindi@k and. the 
Kitk$ Shahriydrén)1%, Also translated into Pahlavi from Greek were the hexa- 
meters of the Pentateuch, an astrological poem written in the first century 


_ editie inediti, vol. 5, Roma 1944, pp. 200-201. In fact, ths horoscope quoted as Nawbhakt’s 
by al-Birdnt can be dated 30th July 762 : 


al-Birani Computation 

᾿ Saturn Aries 26 ; 40 retr. Taurus 1 

Jupiter Sagittarius Sagittarius 9 retr. 
Mars : Gemini 2 ; 50 Gemini 6 

Sun Leo 8; 10 Leo 10 

Venus Gemini 29 ; 0 Cancer 2 

Mercury Cancer 25 ; 7 Cancer 26 

Moon Libra 19 ; 10 c. Libra 16 


For the date 24 July 762 to be correct, the Moon would have to be in Cancer 19. 

An anecdote involving Nawbakht, his son Aba Sahl, and the Caliph al-Mansgir is re- 
corded by Aba al-Faraj (Bar Hebraeus) in his Ta’rtkh mukhtasar al-duwal, 2nd. ed., Bayrut, 
1958, p. 125. In the Nuruosmaniye Mosque in Istanbul MS 2951 ff. vv. 137-138 contain a 
Kitab fthi sara’ ir min akkam al-nujam which is ascribed to Nawbakht, the Wise. 

9. Al-Hasan ibn Sahl ibn Nawbakht is mentioned by Ibn al-Nadim, p. 527, and by Ibn 
al-Qifti, p. 165, besides being quoted by many astrologers. An extremely inaccurate predic- 
tion which he made for al-Wathiq in Dba al-hijja 232 A.H. (19 July - 16 August 847) is re- 
corded by Aba al-Faraj, p. 141. He is perhaps identical with the al-Hasan ibn Sahl who re- 
presented al-Ma’min (813-833) in Iraq ; see, e.g., al-Ya‘qabi’s Ta’rikh, ed. Bayrat, 1960, 
vol. 2, pp. 445 sqq. 


10. See the passage from the Dénkart cited in fn. 5, and that from Abd Sahl Ibn Naw- 
bakht cited in fn. 7; Cf. also H.W. Bailey, Zoroastrian Problems in the Ninth century Books, 
Oxford, 1943, pp. 80 sqq., and C.A. Nalline, ‘““Tracce di opere greche giunte agli Arabi per, 
trafila pehlevica ”, A Volume of Oriental Studies Presented to Professor E.G. Browne, Came 
bridge, 1922, pp. 345-363, repr. in his Raccolta, vol. 6, Roma, 1948, pp. 285-303. 


11, Bailey, p. 86. 
12. Bailey, p. 80. Cf. the history of Andshirwan’s ΖΕ) al Shah given below. 
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by Dorotheus of Sidon?*, , as well as an unknown text attributed to one Cedrus 
of Athens, the Paranatellonta of Teucer of Babylon, and the Anthologiae of 
Vettius Valens. Ibn Nawbakht tells us that there was also translated a work 
by an Indian named Faramisb, which Justi conjectures to be Paramasva?é, 


Other Indian astronomical and astrological ideas were spread to Sasanian 
Iran through the translations of Buddhist texts which were made in the 
Eastern provinces of the empire. The Sdrdilakarndvadina’® was certainly 
known among the faithful of this area since the Parthian prince An Shi-kéo*® 
translated the introductory story into Chinese in 148, and a long fragment of 
the Sanskrit text copied in c. 500 was found south of Yarkand*’; this work 
contains a summary of the Babylonian-influenced astronomy and astrology 
which was current in India between c. 500 B.C. and 100 A.D.18. Another 
such text is the Mahdmayttrimafijart!®, which deals in part with naksatra- 
astrology ; fragments of fifth century manuscripts are preserved among the 
Bower and Petrovski manuscripts from Kashgar. From such sources as 
these are probably derived the Iranian references to the naksatras?°, to Rahu 
(who is called Gocihr)*1, and to shadow-tables*?. 


The earliest attempt to compose a set of astronomical tables, the Zfk- 
ὁ Shahriyardn (Ztj al-Shah in Arabic)—however, was apparently composed 
in 450, during the reign of Yazdijird II (438-457). A reference is 
preserved from this work by Ibn Yanis in his ΖΕ) al-Hdkimi**: the longitude 
of the apogee of the Sun at Gemini 17 ; 55°. This parameter is derived from 


13. See my forthcoming edition of ths fragments of the Greek original and of the Arabic 
translation of the Pahlavi made by ‘Umar ibn al-Farrukhan in c. 800 ; a horoscope in the 
fourth book indicates that the Pahlavi version was revised in the early fifth century. 

14, F. Justi, Iranisches Namenbuch, Marburg, 1895, repr. Hildesheim, 1963, p. 90. 

15. Edited by S. Mukhopadhyaya, Santiniketan, 1954; repr. in Divydvadana, ed. P.L. 
Vaidya, BST 20, Darbhanga, 1959, pp. 314-425. 

16. E. Zarcher, The Buddhist Conquest of China, Leiden, 1959, vol. 1, pp. 32-34, 

17. Edited by A.F.R. Hoernle, JAS Bengal 62, 1893, 9 - 17. 

18, Cf. Isis 54, 1963, 231-233 and 240-241. 

19. 5. Oldenburg, Zapiski Vostocnago otdyeleniya Imp. Russk. Arkheol. Obstchestva 11, 

‘1897-98, St. Petersburg, 1899, pp. 218-261 ; A.F.R. Hoernle, The Bower Manuscript, ASI, 
New Imp. Ser. 22, pts. 6-7, Calcutta, 1893-1912, pp. 220-2400 and pls. xlix-liv; and S. Levi. 
“1.5 catalogue geographique des Yaksa dans la Mahamayiari ”, JA 11 e ser., 5, 1915, 19-138, 

τ 20, JRAS 1942, 242-246. Henning’s date (c. 500) is reasonable, though his method of 
arriving at it is open to question. | 3 

21. E.g., in the horoscope of Gayméart in BSOAS 27, 1964, 513-517, and especially 

515-516 where he is specifically compared to a serpent whose head and tail are separated by 
six zodiacal signs. 

22. Isis 54, 1963, 240. On shadow-tables in Greek, see now O.Neugebauer, “ Uber 


griechische Wetterzeichen und Schattentafeln”, Sitz. Osterreich. Akad. Wiss., Phil. - 
Hist. KI. 240, 2, Wien 1962, 29-44. 


23. E.S. Kennedy and B,L. van der Waerden, JAOS 83, 1963, 321 and 323. 
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the tradition of the Paitémahasiddhanta of the Visnudharmottarapurdna®*. This 
Paitdmahasiddhanta is probably what Aryabhata I (fl. 499) intended to refer to 
when he mentioned the Svdyambhuva?®; it is extensively used by Brahma- 
gupta in his bréhmasphutasiddhanta (628)2®, and evidently dates from the early 
fifth century. Perhaps it was composed during the reign of Candragupta II 
(c. 376-413), whom tradition asserts to have been a patron of learning, includ- 

ing Jyotihg4stra27, Some knowledge of it, then, either in a complete trans- 
lation or in a freer summary, could easily have reached Iran by c. 450. 


Aryabhata I, besides writing his well-known Aryabhatiya to which refe- 
rence has been made above, composed a second work in which he expounded 
his ardharatrika or Midnight System. Though the original text of this work 
is now lost, the system is reported to us by Latadeva (fl. 505) in his Old 
Stryasiddhanta®®, by Bhaskara I (f1. c. 600) in his Mahdbhdskariya®*, and by 
Brahmagupta in his Khandakh@dyaka (665)®°. The evidence seems to indicate 
that one version of the 4rdharatrika system—probably Latadeva’s Old Stirya- 
siddhGnta—was translated into Pahlavi before 550 and given a title like Ztk 
ὁ Arkand; Arkand appears to be an attempt to render the Sanskrit ‘ahargapa’, 
Ali Ibn Sulayman al-Hashimi in his Αἰ ilal al-ztjat31, which was written 
in c. 875, quotes from Mashé’allah3?, a Persian Jew from Basra (c. 750-815), 


. 24. Visnudharmottarapurdna 2, 166-174 in the Venkate§wara ed., Bombay, 1912; this 
_Paitdmahasiddhanta was published separately from MS 36938 of the Sarasvati Bhavan Library 
᾿ Benares, by V.P. Dvivediin his Jyautisasiddhantasamgraha, BSS 39, fasc. 2, Benares, 1912, 
᾿ς  pt.1. See my “The Persian ‘ Observation’ of the Solar Apogee in ca. A.D. 450”, JNES 24, 
1965, 334-336. | 
25. Aryabhatiya with the Bhasya of Nilakantha Somasutvan, TSS 101, 110, and 185, 
Trivandrum, 1930-1957, Golapadda 50; Sze also Svayambha mentioned by Garga in the verses 
quoted by Nilakantha ad loc. : vol. 3, p. 162. 

26. Edited by Sudhékara Dvivedin, Benares, 1902. I am preparing a new edition to be 
accompanied by the valuable commentary of Prthadakasvamin (fl. 864). 

‘ 27. See pseudo-Kalidasa, Jyotirvidabharana, ed. Sitarama Sarma, Bombay, 1908, 22, 
12. 

28. This is summarised by Vardhamihira (fl. c. 550) in his Pasicasiddhgntika, ed. G. 
Thibaut and S. Dvivedin, Bonares, 1889, chapters 16 and 17; I am preparing a new edition 
of this work also, based on a number of manuscripts not known to the first editors. For 
Latadeva’s authorship of the Old Saryasiddhanta, sez al-Birani’s Kitab ft tahqtq πιά li ‘I- 
Hind, ed. Hyderabad, 1958, p. 118 ; trans. E.C. Sachau, London, 1910, vol. 1, p. 153. 

29. Mahdbhaskartya, ed. K.S. Shukla, Lucknow, 1960, 7, 21-35. 

30. The recension of Prthadakasvamin was published in an inadequate edition based 
only on the Berlin manuscript by P.C. Sengupta, Calcutta, 1941, and translated by the same 
scholar, Calcutta 1934 ; the later recension of Amaraja, who apparently flourished in the 
thirteenth century, was published by Babua Misra, Calcutta, 1925. I have discovered two 
manuscripts of the important commentary by Utpala (f1.966), which was also known to — 
al-Birant. 

31. An edition with translation and commentary of this work is being prepared by E.S. 
Kennedy and myself ; the present reference is to 95 : 15sqq. 

32. The collaborator with Nawbakht in casting the horoscope of Baghdad in 762, 
Masha’ allah was one of the foremost astrologers of the early ‘Abbasid priod ; see, e.g., Ibn 
al-Nidum, pp. 273-274, Ibn al-Quffi, p. 327, and Abd al-Faraj, p. 136. See also Kennedy and 
Pingree, The Astrological History of Mashd’allah, which is shortly to appear. 
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the story that the Sasanian emperor Khusro. Anfishirwan called 
together his astronomers and astrologers to compare Ptolemy (the Pahlavi 
version of the Syntaxis) with the Zj al-Arkand the Pahlavi presentation of the 
ardharatrika system). They found the ¢j al-Arkand to be preferable both 
astronomically and astrologically, and so wrote for Anfishirwan a 2¢j al-Shéh 
(<tk ¢ Shahriydrén) based upon it and using four kardajas**. This story is 
substantiated and added to by a passage in the Al-Qdnin al-Mas dt of al- 
Birfini3¢, who informs us that the convocation of astrologers took place in the 
twenty-fifth year of Anfishirwén or 555/6. 


Mashf’allah used this sixth century version of the Ztk ὁ Shahriyarén in 
computing hcroscopes, especially those for his astrological history of the world. 
A summary of this history has fortunately been preserved by a Christian astro- 
loger of Baghdad, Ibn Hibinta (fl. c. 950), in his Xit4b al-Mughnt ; and from 
the sixteen horoscopes that this summary contains it has been possible to 
extract a fair amount of information about this 2k’s theory of Saturn and 
Jupiter®®, Its relation to the ardharatrika system is, in fact, not very close, 
being most evident in its choice of values for the maximum equations and in 
its use of the method of sines for computing the mandaphala. : 


Mash4 ’allah, in the same passage from al-H4shimi that has been men- 
tioned above, refers to yet another version of the ζ 4) al-Shih, composed under 
the last of the Sasanian emperors, Yazdijird III (632-652) ; this was called 
“‘ The Triple’? because it utilized only three kardajas. It is apparently this 
text which was translated into Arabic by Abé al-Hasan ‘Ali ibn .Ziyad al- 
Tamimi*¢, and which is quoted extensively by al-Hfshimi and by al- 
Birfini?, It seems clear that al-Birini (whom we shall discuss more 
fully below) used Yazdijird III’s version of the <#j-al-Shah when he com- 
posed his Zj al-Sindhind \Siddhénta) in 7701 or 772/338, but it is not certain 
whether he used the Pahlavi original or was already able to refer to 
al-Tamimi’s translation. 

This brief survey has demonstrated that, on a professional level, Sasanian 
astronomy was influenced by two Indian traditions : that of the Paitamaha- 
siddh@nta of the Visnudharmotiarapuréna and that of the ardharatrika system of 
Aryabhata I. It might not be out of place here to record also the theory 
found in the fifth chapter of the Bundahishn®® and repeated in numerous 


33. Kardaja is an attempt to render the Sanskrit Kramajyd ; for its significance see the 
commentary of al-Hashimt, passim. 

34. Ed. Hyderabad, 3 vols., 1954-56 : vol. 3, pp. 1473-74, 

35. See the forthcoming publication cited in fn. 32. 

36. Ibn al-Nadim, p. 244. 

37. See, for example, E.S. Kennedy, “‘ The Sasanian Astronomical Handbook Z¢j-i 
Shah and the Astrological Doctrine of ‘ Transit ’ @namarr)”, JAOS 78, 1958, 246-262. 

38. The details are discussed in my article, ‘‘ The Fragments of the Works of Ya ‘qab, 
ibn Tariq ”. 

39, BSOAS 27, 1964, 516-517 and 519, 
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other Iranian sources® that explains the fighraphalas by means of chords 
linking the planets to the chariot of the Sun; these chords are surely the vdta- 
ra§mis of the Modern Siiryasiddhanta*!. 


Equally impressive is the Indian influence on Sasanian astiology. The 
fifth century revision of the Pahlavi translation of Dorotheus of Sidon, for 
instance, mentioned and used the navamsas. The horoscope of Gayémart 
in the fifth chapter of the Bundahishn is not the Hellenistic thema mundi¢?, 
but the Indian horoscope for the birth of the highest type of mahdpurusa in 
which all the planets are in their exaltations#®. And the Islamic astrologers 
of the early Abbasid period quote many Persian (i.e., Sasanian) authors who 
have used Indian sources ; we mention here only Buzurjmihr and Andarz- 
ghar‘, 


The first Arabic astronomical text, however, based directly on a Sanskrit 
source was a 271) al-Arkand written in Sind in A.H. 117, which equals 103 of the 
Era of Yazdijird (735)45; since this work employs as its base-date the year 
Saka 587, it is clear that it was influenced by Brahmagupta’s Khandakhddyaka- 
Al-Birfni revisea this Z¢j- al-Arkand because its language was so atrocious¢®, 
According to al-Hashimi‘? two abridgements of the Ζ 7 al-Arkand were made 
in Qandahar: a <j al-Arkand and a ζ 1) al-Hazir. Furthermore, a series of 
horoscopes of the two equinoxes of the years in which the Sasanian 
emperors began their reigns was computed by means of the Ardharatrika 
system (the 21) al-Arkand ?) towards the end of the eighth century4®. 


-A second late ‘Ummayid work influenced by Indian astronomy is the 
2tj al-Harqan cited by al-Biriini**®; hargan is clearly another attempt to 
transliterate ahargana. The epoch of this Ζῇ) is Sunday 21 Daymah 110 of the 

ra of Yazdijird, or 11 March 742. Little else is known of it. 


40. Isis 54, 1963, 242. 

41, Ed. K. Chaudhary, KSS 144, Benares 1946, 2, 2. 

42. See, e.g., A. Bouche-Leclereq, L‘Astrologie grecque, Paris, 1899, repr. Bruxelles, 

1963, pp. 185-188. 
: 43. See Yavanajataka 8, 3-5 and 9, 1 ; my edition is in the press, and will appear in the 
Harvard Oriental Series. Note that in tho Bhudahishn the Sun is in the first naksatra; this allows 
it to ba in its exaltation according to Indian astrologors (Aries 10°), but not according to Greek 
astrologers (Aries 19°). 

44, Some of the major Arabic sources are : pseudo-Masha’ allah in MS 2122 of the 
Laleli Mosque, Istanbul; the Kitab a -Masd’il of Abi Yasuf Ya‘qab ibn Alf al-Qasrant (fl. c, 
810); the Kitab asl al-usalof Abd al- ‘Anbas Ahmad ibn Muhammad al-Saymart (died 888/9); 
the various works of Sahl ibn Bishr and of Aba Ma’shar (787-886) ; the Kitab al-Mughnt of 
Ibn Hibinta; aad tho Majm4 aqawil al-hukams al-munajjimin of al-Damaghant (fl. 1113/4) 

45,  Al-Birdnt, India, ed. pp. 383-384, trans., vol. 2, pp. 48-49. 

46. D.J. Boilot, “ L’ozuvre d’al-Bzruni ; essai bibliographique ” M-DEO 2, 1955, 161 
256, RG 6. | 

47, Kitab ‘ilal al-ztjat 94: 2sqq. 

48, D. Pingree, ‘‘ Historical Horoscopes”, JAOS 82, 1962, 487-502 ; and now, The 
Thousands of Aba Ma'‘shar, section X B.. | 
᾿ς 49, India, ed. p. 387, trans., vol. 2, pp. 52-53, 
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But the most influential translation was that of a work apparently called 
the Mahdsiddhanta®®. The basic planetary parameters of this work belonged 
to the tradition of the PaitSmahasiddhdnta of the Visnudharmottarapuréna and the 
Brdhmasphutasddhénta of Brahmagupta, though it also included elements 
derived from the Aryabhatiya. According to the Nizdm al-igd of Ibn 
al-Adami (c. 920), which was completed by al-Qasim ibn Muhammad al- 
Mada’ini in 949/50, a man from India brought this text (which is associated 
with Fiyaghra, i.e., Vyaghramukha, the Capa prince under whom Brah- 
_Mmagupta wrote) to Baghdad in 772/3, and the Caliph al-Mansfr ordered 
Muhammad ibn Ibrahim al-Faz4ri to translate it ; al-Birfini, who says that 
the man from India was a member of a delegation from Sind, dates his coming 
to Baghdad in 7701. Al-Fazari obeyed the Caliph, and the result was his 
Ky pal-Sindhind al-Kabtr; but he was influenced in his choice of values for the 
maximum equations of the planets more by the <j al-Shah than by the Maha- 
siddhdnta. At a later date al-Fazari wrote another aj based by the same 
parameters, but with the planetary mean motions tabulated for saura days 
and using the Hijra calendar instead of that of the Yazdijird III. 


Descended from the <j al-Sindhind al-Kabtr are a large number of 
texts; the earliest were due to Yaqfib ibn Tariq, who composed a 2tj, an 
interesting book entitled Tarktb al-aflak (written in 777/8), and Kitab al-ilal 
all of which drew heavily upon the Indian and Sasanian sources mentioned 
above. The authorship of the <j al-Sindhind al-Saghtr remains obscure, 
though its writing must have been approximately contemporaneous with al- 
Fazari and Ya’qib ibn Tariq; and from al-Hashimi we learn some details of 
yet a third £¢j al-Sindhind which was apparently written in 792/3. 


But the most famous fj al-Sindhind is that of Muhammad ibn Misé al- 
Khwarizmi (fl. 828), whois known to have written it for the Caliph al-Mamfin 
_ (809-833)51. Of the Arabic original only fragments, survive®?; but a recen. 
sion of it was made in Spain by Maslama ibn Ahmad al-Majriti (died 1007/8) 
or by his pupil Ibn al-Saffar (died 1035). This recension, lost to us in its 
original Arabic, is preserved in a Latin translation made by Adelhard of Bath 
in 11265*. Besides this translation a number of important commentaries are 


στὰς» 


50, Al-Birant in the India, ed. p. 356, calls it the Sidhand al-kabtr. The evidence support- 
ing the statements made in the next two paragraphs will be found assembled in my article, 
** The Fragments of the Works of Ya‘qab ibn Tariq ”, and in Kennedy and Pingree’s edition 
of al-Hashimt ; it is not necessary to repeat it all here. 

51. See the passage from Ibn al-Adamt translated in my “ The Fragments of the Works 
of Ya‘qab ibn Tariq ”; on al-Khwarizmt himself see, inter al., Ibn al-Nadim, p. 274, and Ibn 
al-Qiftt, p. 286. 

52. Besides the numerous quotations and references in al-Hashimt and al-Btrant and the 
lommata in the commentary of Iba Masrar, chapters of ths Z¢j al-Sindhind are found in Ibn 
Hibinta’s Kitab al-Mughnt (Miinchen Arab 852 ff. vv. 33-37) and in Nuruosmaniye 2795 
ff. vv. 65-66. 

53. Edited by A. Bjornbo R. Besthorn, and H. Suter Kobenhavn 1914 ; English trans- 
lation and commsnttary by O. Neugebausr, Kobenhan 1962. See also G. Toomer in Cen- 
taurus 10, 1964, 23-212. 
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known. That by Ahmad ibn Muhammad ibn Kathir al-Farghani5‘, who 
flourished under al-Mamfin and his immediate successors, is extensively quoted 
by al-Hashimi and al-Birfini55. The Kitdb ilal al-ztjdt preserved in a unique 
manuscript in Cairo and attributed to Ibn Masrir, the pupil of Abii Ma’shar 
(787-886), is, in fact, another commentary on al-Khwérizmi’s <¢) al-Sindhind. 
The Arabic original of the commentary written by Ahmad ibn al-Muthanna’ 
in the tenth or eleventh century is now lost , but we do have of it a Latin trans- 
lation®* made by Hugo of Sanctalla in northern Spain for Michael, the Bishop 
of Tarazona from 1119 to 1151, and a Hebrew translation®5? made by 
Abraham ibn Ezra of Tudela in c. 1160. Three other commentators 
namely, Abii Talha, Abé al-Hasan al-Ahw4zi5®, and Muhammad ibn ‘Abd al- 
‘Aziz al-Hashimi5®—are recorded by al-Birfini®®. Other authors of ztjes 
based in whole or in part on the <j al-Sindhind are Abii Ma’shar*!, Habash 
al-Hasib (c. 850)®?, al-Hasan ibn al-Sabbéh (c. 870), al-Faql ibn 
Hatim al-Nayrizi (c. 900)** the sons of Amajir (c. 910)®5, and Ibn al- 
Adami®*, all of these lived and worked in the eastern regions of the Islam 
world. The Spanish tradition of the Sindhind is represented, as well as by 
those authors mentioned previously in connection with al-Khwérizmi, by Ibn 
al-Samh (c. 1010)®7, al-Jahani (1079), whose zfj survives in a Latin trans- 
lation by Gerard of Cremona (1114-1187)®8, and al-Zarq4lla (c. 1100)®°®. 


| Besides the <4j al-Arkand and the <{j- al-Sindhind, the only other Indian 
-astronomical text mentioned in early Muslim sources is the Zi al-Arjabhar 
_ (Aryabhatiya). This, however, was evidently very imperfectly known, the 
only Abbasid astronomer who had any real knowledge of its planetary theory 
seems to have been the commentator on al-Khwéarizmi, Abi al-Hasan al- 
Ahwa4zi?°, Others, however, are said to have studied in India ; Muhammad 


54. See, e.g., Ibn al-Nadim, p. 279, and Ibn al-Qifti, pp. 78 and 286. 

55. See Kennedy and Pingree’s edition of al-Hashimt. 

56. Avery poor edition was published by E. Milla’s Vendtell, Madrid—Barcelona, 1963. 

57. See the forthcoming edition by B. Goldstein in the Yale Univrsity Press. Abraham 
ibn Ezra also has valuable information on the Sindhind tradition in his De rationibus tabularum, 
ed. J.M. Milla’s Vallicrosa, Madrid-Barcelona, 1947. 

58. Boilot, RG. 2 and 3. 

59. Rasdlil a-Btrant, ed. Hyderabad, 1948, pt. 1, p. 118. 

60. See also his own work, Boilot, RG 1. 

61. For his Z¢jal-Hazdrdt see my The Thousands of Aba Ma‘shar. 

62. E.S. Kennedy, “ A Survey of Islamic Astronomical Tables ’,TAPAS, NS. 46, 1956, 
123-177, nos. 15 and 16. 

63. Kennedy, “Survey ”, No. 31. 

64. Kennedy, “Survey ”, Nos. 46 and 75. 

65. Kennedy, “ Survey ”, No. 90. 

66. Kennedy, “Survey ”, No. 18. 

67. Kennedy, “ Survey ᾽ν, No. 26. 

68. Ed. J. Heller, Nuremburg, 1549. 
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ibn Ismail al-Tandkhi, for instance, is supposed to have brought back curious 
notions regarding trepidation from India7!. Iu fact, the value of precision 
arrived at by Yahy&é ibn abi Mansfr after he observed the equinox of 19 
September 830 is that which pertains to the Old Stryasiddhénta of Latadeva 
and to various other Sanskrit texts??. 


Besides the astronomer in the delegation sent from Sind in the early 770’sa 
number of Indian astrologers visited Baghdad in the Abbasid period. The most 
notable of these was Kanaka, who served Harfin al-Rashid ; he is perhaps 
identical with the homonymous astrologer cited by Kalyanavarman in his 
SGrdvalt?®, Other Sanskrit names are corruptedly recorded by Ibn al-Nadim?”?: 
J.w.d.r, S.n.j.h.l, N.h.q, Rah. ἢ, $.k.h, Dah.r, An. k.w, Z.n.k.1, Ar.y.k.1, J..b.r. 
An.d.y, and J.bar.y. The fourth of these names should undoubtedly be read 
Raja ; he is an astrologer frequently quoted by such Arabic compilers as al- 
Qasr4ni and al-Saymari. Through such works as these the theories of Indian 
astronomy and astrology came to permeate the scientific literature of the 
‘Muslim and Christian worlds long before Vasco da Gama sailed boldly onto 


the Indian Ocean. 


eo. aoe ~~ 


71. S&a‘id al-Andalus} ed. p. 56, trans. p. 112, and Ibn al-Qifti, p. 281. 

72. Dumbarton Oaks Papers 18, 1964, 138. 

73. Fora discussion of Kanaka, see my The Thousands of Abi Ma’shar and “ The Frag- 
ments of the Works of Ya‘qab ibn Tariq.” 

14. Fihrist, p. 271. 
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THE FRAGMENTS OF THE WORKS OF 
YA‘QUB IBN TARIQ? 


DAVID PINGREE, University of Chicago 


Ts following collection of fragments and the succeeding article by Εἰ. S. 
Kennedy present all the material so far discovered relevant to one of the earliest of 
‘Abbasid astronomers and attempt to interpret that material historically and scientific- 
ally. Many absurd assertions have been made concerning early Islamic science by 
historians who have not had the time or ambition to read the original sources but who 
are content to continue the historiographic tradition begun in Spain in the twelfth 
century. These two articles and similar collections of other early Muslim astronomers 
and astrologers will attempt to provide a different basis for assessing the formative 
period of science in Baghdad. 

The Fihrist of Ibn al-Nadim (p. 278), which is copied in a rather inaccurate manner 
by Ibn al-Qifti (p. 378), tells us of Ya‘qib very little indeed. 


‘Ya‘qib ibn Tarig, one of the best astronomers. Among his books are: Kitab tagti kardajat 
al-jayb; Kitab ma irtafata min qaws nisf al-nahar; and Kitab al-zij mahlal fi al-Sindhind 
li-daraja daraja, which is in two books; the first is on the science of the sphere, and the 
second on the science of the dynasty (duwal). 


The first of these works must have described the method of converting a table of sines 
whose argument is expressed in intervals of 3;45° (a normal Indian table of kramajya’s, 
from which, apparently through Pahlavi, comes the Arabic kardaja) to one whose 
argument is expressed in intervals of 1°. It was either a part of, or was used in writing, 
the Kitab al-zij. The second work apparently deals with the problem of determining 
the altitude of the Sun from the day-circle. It may have been extracted from the 27), or 
from the Kitab al-‘ilal which Ibn al-Nadim neglects to mention. The fragments of the 
third work are discussed below. The subject of the second book of this 277, “alm al-duwal, 
seems extremely peculiar; perhaps one should amend the text of both Ibn al-Nadim 
and Ibn al-Qifti(!) to ‘ilm al-dawr, ‘‘science of revolution(s).”’ 

The Sindhind upon which Ya‘qib’s 2.) was based was, of course, that translated by 
al-Fazari? from a Sanskrit work allied to the Paitémahasiddhanta of the Visnudhar- 
mottarapurana® and the Brahmasphutasiddhanta of Brahmagupta.* The Sanskrit work 
was brought to Baghdad by a member of an embassy sent from Sind to the court of al- 
Mansur (754-775);° the date is variously reported as being a.H. 154 (24 Dec. 770-12 


1The best previous discussion of Ya‘qib is by 
Nallino, Raccolta, 5, 215 ff. 

2 On al-Fazari see D. Pingree, ‘““The Fragments of 
the Works of al-Fazari,” to appear in a future issue of 
JNES, and the commentary to the forthcoming 
edition of al-Hashimi’s Kitab “ilal al-zijat by FE. S. 
Kennedy and D. Pingree. 

3 ap} JNES, 24 (1965), 334-36. 

ὁ Brahmagupta wrote the Brahmasphujasiddhanta 
at Bhillaméla (Bhinmal) in southern Rajasthan in 


Saka 550 (A.D. 628) during the reign of Vyaghramukha 
of the Capa family (24, 7). Ibn al-Adami, according 
to Sa‘id al-Andalusi, ed. p. 50, trans. p. 102, refers to 
Q.b.gh.r. (var. F.y.gh.r) the Indian king; according to 
Ibn al-Qifti (p. 270) he refers to F.y.gh.r. This latter 
pointing is correct, and Fyaghra is Vyéghra(mukha)-. 

5 See Ibn al-Adami in the passages cited above in 
n. 4; al-Birtini, India, ed. p. 351, trans. Vol. 2, p. 15; 
and al-Hashimi, Aitdb ‘ilal al-zijat 95 v: 3 ff. 
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Dec. 771)§ and a.H. 156 (2 Dec. 772-20 Nov. 773).7 Al-Biriini® gives another date for 
the embassy, a.H. 161 (9 Oct. 777-27 Sept. 778) which, falling outside of al-Mansir’s 
reign, is probably instead the date of Ya‘qib ibn Tariq’s Tarkib al-aflak. A fourth date, 
1,972,947,868 years from the beginning of the kalpa (a.p. 767), can be discerned in al- 
Hashimi,® but it is not clear to what it refers. The member of the embassy from Sind 
who is associated with the Sindhind was later identified, mainly by Andalusian scholars,’° 
with Kanaka, the astrologer of Hariin al-Rashid; 11 this identification has no basis. 

Besides the three works mentioned by Ibn al-Nadim, which are probably really one 
(the 2172), we know from a number of sources that Ya‘qib wrote a book entitled Tarkib 
al-aflak. This was a treatise, as its title indicates, on the arrangement of the heavens; 
as was indicated above, it was probably composed in 777/8. A third work was his Kitab 
al-“ilal, which explained the rationale for the mathematical procedures followed by 
astronomers; a long series of books of this sort was written by subsequent writers.1” 
Below are given the fragments with some brief comments of Ya‘qib’s Z(ij), T'(arkib 
al-aflak), and K(itab al-“ilal). 


Z1IJ 

Z1. Al-Hashimi, Kitab ‘tlal al-zijat, 95 v: 12-17. 

As for Ya‘qub ibn Tariq, he composed his zij7 for Barah, and its revolutions are in 
agreement with (those of) the Sindhind as to the four hundredth part, but he made 
its collected (years) (majmi‘) ten years according to years of the Persians and their 
months, up to noon of the day after your day. Its apogees and nodes agree with the 
Sindhind. However, as for the equation(s), some of them are from the sayings of the 


Persians. (As for) the division of its equation(s) and its other operations, some of them 
are according to the dictum of the Indians and some according to the Persians. 


COMMENTARY 

Barah, as we shall see from Z 3 and Ζ 4, is the same as the Tarah which al-Birini 
locates with Yamakoti 90° East of the meridian of Ujjayini-Lanka and on the equator. 
Yamakoti is one of the four cities on the equator 90° apart mentioned by Aryabhata 
(Aryabhatiya, Gola 13) and Varahamihira (Patcasiddhantika 13, 17; see Pingree, The 
Thousands of Abi Ma‘shar, Ὁ. 45); the four are, proceeding Eastwards, Lanka, 
Yamakoti, Siddhapura, and Romaka. Yamakoti, “the top of Yama’s (land),” was 
identified at some point with the Var-i-Yamkart which the Ménok-i-yrat (27, 27-31) 
states was built by Yamsét to save creatures from a flood. Vara of Var-i-Yamkart is 
clearly Barah, which al-Fazari takes for the prime meridian of the Sindhind; Ya‘qib 
here follows al-Fazari, who chose Barah as prime meridian to eliminate the six hour 


6 Al-Birini, India, ed. p. 351, trans. Vol. 2, p. 15. 
7 Ibn al-Adami in the passages cited above in n. 4. 
8. India, ed. p. 397, trans. Vol. 2, pp. 67-68. 

9 Kitab “tlal al-zijat, 104 v: 1. 

10 Especially by Abii Mu‘édh al-Jahani (fl. 1079), 


king who built Memphis and performed many other 
fabulous feats. The name, then, signified for the 
Spaniards a quite different personality from the 
Kanka whose rather ordinary astrological theories are 
cited by al-Qasrani, Ibn Hibinta, and al-Birani. 

11 See al-Birtini, Chronology, ed. p. 132, trans. 


f. Zi, and by Abraham ben Ezra (ca. 1090-1167) in 
fr. Z2 below and in Liber de rationibus tabularum, p. 
92; cf. The Thousands of Abi Mat‘shar, p. 16. The 
fantasies of pseudo-al-Majriti’s Ghdyat al-hakim wa 
ahagq al-natijatayn bi al-tagdim, ed. pp. 278 ff., trans. 
pp. 285 ff., make ‘“‘“Kanka the Indian” a wise man and 


p. 129. 

12 Among them may be named ‘Umar ibn al- 
Farrukhén al-Tabari, Muhammad ibn Kathir al- 
Farghani, ‘Abdallah ibn Masri, ‘Ali ibn Sulayman 
al-Hashimi, Muhammad ibn ‘Abd al-‘Aziz al-Hashimi, 
al-Biriini, and Abraham ben Ezra. 
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difference between the sunrise epoch of the Pattémahasiddhanta- Brahmasphutasiddhainta 
and his own noon epoch. 

Though the Ménok-i-yrat (27, 57-58) says that Syavay8, not Yamsét, built Kangdiz, the 
latter seems to have been identified with Var-i-Yamkart, and its longitude is the prime 
meridian of Abii Ma‘shar’s Zij al-hazarat (The Thousands of Abt Ma‘shar, pp. 41-46.) 

The 400th part is the fraction of an hour which, when added to 365} days plus } 
hour, results in the Sindhind parameter for the length of a solar year—namely, 6,5;15, 
30,22,30 days. This year length was used by al-Fazari (see al-Hashimi, 95 v: 18), and 
by the Paitamahasiddhanta of the Visnudharmottarapuradna and by Brahmagupta in his 
Brahmasphutasiddhanta; in the two Sanskrit works it is referred to as the occurrence of 
4,320,000,000 revolutions of the Sun in 1,577,916,450,000 days. It is certain that Ya‘qub’s 
other parameters for mean motions were taken from the Sindhind, as were those of the 
Sun and of the apogees and nodes specifically referred to by al-Hashimi (see Z 5). 


al-Fazari (acc. to al-Biriini, India, ed. 
Paitamahasiddhanta- pp. 352-53, trans. Vol. 2, p. 16; 
Brahmasphutasiddhanta ef. al-Hashimi, 104: 16 ff.) 


Saturn 


Saturn’s apogee 


Saturn’s node 
Jupiter 


Jupiter’s apogee 


Jupiter’s node 
Mars 

Mars’ apogee 
Mars’ node 
Sun 

Sun’s apogee 


Venus’ conjunction 


Venus’ apogee 
Venus’ node 


Mercury’s conjunction 
Mercury’s apogee 


Mercury’s node 
Moon 

Moon’s apogee 
Moon’s node 
Fixed stars 


146,567,298 
41 

584 
364,226,455 
855 

63 
2,296,828,522 
292 

267 
4,320,000,000 
480 
7,022,389,492 
653 

893 
17,936,998,984 
332 

521 
57,753,300,000 
488,105,858 
232,311,168 
omitted 


146,569,284 
4] 

584 
364,226,455 
855 

63 
2,296,828,522 
292 

267 
4,320,000,000 
480 
7,022,389,492 
653 

893 
17,936,998,984 
332 

521 
57,753,300,000 
488,105,858 
232,312,138 
120,000 


Civil days 1,577,916,450,000 1,577,916,450,000 
These parameters yield the following mean daily motions of the planets. 


Paitimahasiddhanta- 
Brahmasphutasiddhanta al-Fazari 

Saturn 0;2,0,22,51,45,45° 0;2,0,22,57,36,16° 
Jupiter 0;4,59,9,8,37,23 0;4,59,9,8,37,23 
Mars 0;31,26,28,6,47,45 0;31,26,28,6,47,45 
Sun 0;59,8,10,21,33,30 0;59,8,10,21,33,30 
Venus’ conjunction 1;36,7,44,35,18,26 1;36,7,44,35,18,26 
[Venus’ anomaly 0;36,59,34,13,44,56 0;36,59,34, 13,44,56] 
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Paitémahasiddhanta- 
Brahmasphutasiddhinta 
4;5,32,18,27,45,30 
3;6,24,8,6,12,0 
13;10,34,52,46,30,13 
0;6,40,53,56,32,55 
13;3,53,58,49,57,18 
— 0;3,10,48,20,6,41 


al-Fazari 
4;5,32,18,27,45,30 
3;6,24,8,6,12,0] 
13;10,34,52,46,30,13 
0;6,40,53,56,32,55 
13;3,53,58,49,57,18] 
— 0;3,10,48,22,58,46 


Mercury’s conjunction 
[Mercury’s anomaly 
Moon 

Moon’s apogee 
[Moon’s anomaly 
Moon’s node 


The calendar utilized by Ya‘qub ibn Tariq was the Persian, consisting of 365 days 
divided into 12 months of 30 days each and five epagomenal days added after the eighth 
month: 

181-210 
211-240 
241-245 
246-275 
276-305 
306-335 
336-365 


Mihr 

Aban 
Epagomenal] days 
Adhar 

Day 

Bahman 
Isfandirmudh 


1-30 7. 
31-60 8. 
61-90 
91-120 9. 

121-150 10. 
151-180 11. 
12. 


. Farwardin 
. Urdibihisht 
. Khardadh 
. Tir 

. Murdadh 

. Shahriwar 


The epoch—16 June 632—falls in the first year of the reign of Yazdijird III. The use of 
noon epoch differs from the tradition of the Paitémahasiddhanta and Brahmasphutasid- 
dhanta, which use dawn; it is rather the usage of Ptolemy. Al-Fazari’s father, Abi 
Ishaq Ibrahim ibn Habib al-Fazari, (or rather al- Fazari himself) is supposed already to 
have written a 217 employing the Arab calendar (Fthrist, p. 273); the calendar used by 


the son, Muhammad ibn Ibrahim al-Fazari (Fthrist, Ὁ. 79), in his Sindhind al-kabir was 
probably, like Ya‘qub’s, the Persian calendar of Yazdijird III. Al-Khwarizmi, who, 
according to Ibn al-Adami (in the passage cited in n. 4), retained the mean motions of 
the Sindhind al-kabir of the younger al-Fazari, used the Yazdijird calendar (so Ibn Masrir 
and Ibn al-Muthanna; see also Abraham ben Ezra, De rationibus tabularum, p. 74). 

As the ahargana to dawn of Tuesday 16 June 632 is 720,635,806,312 days and we can 
assume six hours difference between dawn and noon which disappears in the difference 
between Lanka and Barah, we can compute the following epoch positions of the planets, 
their apogees, and their nodes (note that al- Hashimi specifies “up to noon of the day after 
your day”’; this indicates that the epoch positions were given for day 1 rather than day 0). 


Noon OF TUESDAY 16 JUNE 632 aT BARAH 
node 


mean longitude 
MN. 29;11,7° 
V8 1;29,25 
$09;51,35 
U1 25;59,48 
~~26;49,38 
120;49,50 
f 17;2,12 
171;2,24 
}€ 28;44,56 
301;56,21 
§7;14,4 


Saturn 

Jupiter 

Mars 

Sun 

Venus (conj.) 
Venus (anom.) 
Mercury (conj.) 
Mercury (anom.) 
Moon 

Moon’s anomaly 
Regulus 
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apogee 
f 20;55° 
TIY22;32 

$8324 
11 17;55 
21315 


1 14;54 


ὥ 26;48,35 


9513;12° 
Of 22;1 

9? 21;54 
+ 29;47 
vy 21;11 


V8 24;5,7 


The Fragments of the Works of Yacqub ibn Tariq 


Given this data, it is only a question of time to compute Ya‘qub’s mean motion tables 
for 10-year periods (collected years), single years (from 1 to 10), 30 days (Persian 
months), and for each of the 365 days of a Persian year. 

Ya‘qub, like al-Fazari, does indeed derive most of his equations from the Ζ1) al-Shah; 
see Z 7 and Z 8. The “division of its equation(s)”’ perhaps signifies the interval which he 
employs in the column of the argument; Ibn al-Nadim indicates that this was 1°, which 
certainly differs from ancient Indian practice. The ‘‘other operations’? must include his 
method of combining the equation of the center with the equation of the anomaly; 
we can say nothing about the system he used. 


Z2. Abraham ben Ezra, Preface to his translation of Ibn al-Muthanna’s F% “ial 51) 
al-Khwarizmi (pp. 147-48 Goldstein). 

So he (the king al-Saffah [750-54]) gave great wealth to the Jew who had translated 
the above-mentioned book (from Sanskrit), so that he might go to the city of Arin 
(i.e., Ujjain), which lies on the equator at the latitude of Aries and Libra, where on all 
the days of the year the length of daylight is equal to the length of night, neither longer 
nor shorter; he was especially to bring their wise men to the king. The Jew went and made 
use of many tricks, until a wise man of Arin decided to come to the king for a large sum 
(of money) after the Jew promised him that he would stay for only one year, and then 
could return home. Then the wise man, whose name was Kankah, was brought to the 
king, and taught the Arabs the basis of number, which lies in nine characters. Then a 
learned man named Ya‘qib ibn Sharah (Tariq) translated from the language of this 
learned (Indian), through the medium of the Jew who translated in Arabic, a book of 
tables of the seven planets, all operations relating to the earth, rising-times, declination, 
the ascendent, the determination of the beginnings of the astrological houses, the 
knowledge of the superior planets(?), and solar and lunar eclipses. However, in this 
book he did not note down the causes of all these things, but mentioned only the fact 
according to (the Indian’s) tradition. In this (book) the mean motions of the planets are 
according to the calculation of the Indians, who call their cycle hazarwdn(?); this cycle 
comprehends 432,000 (read 4,320,000,000) years. 

COMMENTARY 

The fable of Kankah, the Jewish intermediary, and Ya‘qib is clearly based on con- 
temporary Spanish techniques of translating Arabic into Latin, and has no historical 
foundation. The subjects dealt with in the translation, according to Abraham, are 
normally treated in Sanskrit siddhanta’s in the first five or six chapters; in the Brahmas- 
phutasiddhanta, for instance, the Dasddhydyi consists of: 


. Madhyamadhikadra. Mean motions. 

. Spastddhikdra. True longitudes. 

Triprasnadhikadra. On the gnomon shadow, time, and the ascendent. 
. Candragrahanadhikara. Lunar eclipses. 

. Siryagrahanadhikara. Solar eclipses. 

Udaydastadhikara. Heliacal risings and settings. 

. Candrasriigonnatyadhikara. Lunar crescent. 

. Candracchayddhikara. Shadow of the Moon. 

. Grahayutyadhikara. Planetary conjunctions. 

. Bhagrahayutyadhikdra. Planetary latitude and transits. 


SCOMOWMM PWD κα 


pant 
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For an embassy from Sind to the court of al- Saffah in a.H. 136 (753/4), see al- Ya‘qibi, 
Vol. 2, p. 361. 


Z 3. Al-Biriini, Al-Qdanin al-Mas‘idi, vol. 2, p. 547. 

Localities along the equator, possessing no latitude. 

1. The island Lanka (lanka), called in books the Cupola of the earth. Long. 100;50° 
Lat. 0;0° 

2. Tarah (read Barah), which al-Fazari and Ya‘qib ibn Tariq mention. Long. 190;50° 
Lat. 0;0° 

3. Yamakoti (jamkit) at the Eastern extremity, which is Yamkard (jamdkard) 
according to the Persians; there is no building beyond it according to the Indians. 
Long. 190;0° Lat. 0;0° 

COMMENTARY 
The 90° difference between the longitudes of Lanka and Barsh has already been 


discussed and explained above; but that al-Biruni here gives different longitudes to 


Barah and Yamakoti is most surprising. Al-Birtni’s longitudes are measured eastwards 
from the Isles of the Blessed. 


Z 4. Al-Biritini, India, ed. p. 259, trans. Vol. 1, pp. 303-304. 

Yamakoti is, according to Ya‘qib and al-Fazari, the country where is the city Tarah 
(read Barah) within a sea. I have not found the slightest trace of this name (i.e., Barah) 
in Indian literature. As koti means “‘castle’” and Yama is the angel of death, the word 
reminds me of Kangdiz, which, according to the Persians, had been built by Kayka’is 
or Jam in the most remote East, behind the sea. 

COMMENTARY 

Koti does not mean “‘castle” in Sanskrit, but “tip,” “top,” “eminence”; the word 
kota, however, does signify ‘‘castle.” Yama is indeed, in Indian mythology, the guide 
of the dead. 


Z 5. Al-Birtni, India, ed. pp. 351-52, trans. Vol. 2, p. 15. 

It is one of the conditions of a kalpa that in it the planets, with their apogees and 
nodes, must unite in 0° of Aries, 1.6. in the point of the vernal equinox. Therefore, each 
planet makes within a kalpa a certain number of complete revolutions or cycles. These 
revolutions of the planets, as known through the zij(es) of al-Fazari and Ya‘qiib ibn 
Tariq, were derived from an Indian who came to Baghdad as a member of the political 
mission which Sind sent to the Caliph, al-Mansiir, in a.H. 154 (24 Dec. 770-12 Dec. 771). 
If we compare these secondary statements with the primary statements of the Indians, 
we discover discrepancies, the cause of which is not known to me. Is their origin due to 
the translation of al-Fazaéri and Ya‘qib? or to the dictation of that Indian? or to the 
fact that afterwards these computations have been corrected by Brahmagupta, or 
someone else? 

COMMENTARY 

The revolutions of the planets, their apogees, and their nodes in a kalpa have already 
been given in the commentary to Z 1; and the date of the embassy from Sind has been 
discussed in the introduction. Al-Biriini’s question regarding the origin of the different 
parameters for Saturn and the lunar node in the Braéhmasphutasiddhanta and in the 
Sindhind cannot be answered as yet. 
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Z 6. Al-Biriini, India, ed. p. 356, trans. Vol. 2, pp. 18-19. 

We meet in this context (i.e., the difference between a caturyuga of 4,320,000 years 
and a kalpa of 4,320,000,000 years) with a curious circumstance. Evidently al-Fazari 
and Ya‘qib sometimes heard from their Indian master to this effect, that his calculation 
of the revolutions of the planets was that of the great Siddhanta, while Aryabhata 
reckoned with a one-thousandth part of it. They apparently did not understand him 
properly, and imagined that dryabhata (arjabhad ) means “ἃ thousandth part.”’ 

CoMMENTARY 

This hypothetical reference of the unknown Indian to the “great Siddhanta,’’ com- 
bined with the title of al-Fazari’s 27), the Sindhind al-kabir, permits one to surmise that 
the original Sanskrit text was entitled Mahdsiddhanta. 

It may be noted that Aryabhata in fact signifies “noble warrior,”’ but the meaning 
‘‘a thousandth” is found again in al-Hashimi (93 v: 22). For the Arabic comparisons 
between the Sindhind, the Arjabhar, and the Arkand, see The Thousands of Abi 
Ma‘shar, p. 16. 


Z7. Al-Birtini, On Transits, 30:10-16. 

As to the Indians and the Persians, they have a common opinion (regarding the 
maximum equation of the center); and so the z77’es of the Shah, of Abii Ma‘shar, and of 
Ya‘qib ibn Tariq contain nothing on which they differ except only one thing, the 
difference of which does not exceed one minute .... And they have for Saturn 8;37°, 
and for Jupiter 5;6°, and for Mars 11;12°, and for Venus 2;13°, and for Mercury 4°. 

CoMMENTARY 


In Sanskrit siddhdnta’s, not the maximum equation of the center is given but the 
mandaparidhi. But, by using the formula 


Sin(E,ax) = 7 


where r is the radius of the manda-circle, and the different values of R (R = 3438’ in 
the Pawtamahasiddhanta; R = 3270’ in the Braéhmasphutasiddhanta), we can compute the 
appropriate maximum equations of the center. 


Paitamahasiddhanta Brahmasphutasiddhanta 
mandaparidhi 1 Pee mandaparidhi es 
Saturn 30° 4;46,46° 30° 4;46,47° 
Jupiter 33 5;15,33 33 5;15,35 
Mars 70 11;12,28 70 11;12,41 
Sun 13;40 2;10,31 13;20 2;7,20 
14 2;13,42 
Venus 11 1;45,3 9 1;25,57 
11 1;45,3 
Mercury 38 6;3,31 38 6;3,33 
Moon 31;36 5;2,7 30;44 4;53,50 
32;28 5;10,28 


Clearly these are far from Ya‘qiib’s values. 
A Sanskrit karana, however, will sometimes list maximum equations; and so, whereas 
the Old Saryasiddhanta of Latadeva and the summary in the Mahdbhdaskariya give only 
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the mandaparidhi’s of the drdharatrika system, Brahmagupta’s Khandakhaddyaka 
informs us of that system’s maximum equations of the center. 


Ardharatrika system Zij al-Shah of 

mandaparidhi |) ee Yazdijird ITI. 
Saturn 60° 9;36° 8;37° 
Jupiter 32 5;6 5;6 
Mars 70 11;10 11;12 
Sun 14 2;14 2:14 
Venus 14 2;14 2;13 
Mercury 28 4.28 4.0 
Moon 31 4;56 4.586 


Al-Fazari, as can be seen from the values preserved by al-Biriini (On Transits, 
24:17-25:5 and 30:19-31:8), in one ζῇ) in which R = 150’ mixes maximum equations 
from the Zij al-Shah and the drdharatrika system with other, new ones. (For different 
formulas of his wherein R = 3270’, see On Transits, 25:9-26:3.) 


al-Fazari’s E,,,, (Ὁ = 150’) 
Saturn 8;37,30° (cf. Ζ1) al-Shah) 
Jupiter 5;6 Zij al-Shah 
Mars 11;10 ardharatrika system 
Sun 2;11,15 
Venus 2;15 
Mercury 4;0 Ζ1) al-Shah 
Moon 530 


Ya‘qib, as indicated by al-Birini, here deserts al-Fazari to return completely to the 
values of the Zi) al-Shah. 


Z 8. Al-Birtini, On Transits, 54:15-17 

And it must be that Ya‘qitb ibn Tariq is in agreement (concerning the maximum 
equations of the anomaly) with the two of them (7.e., al-Fazari and al-Khwarizmi); 
but what is in his zij for Jupiter is decreased by 0;22°, and for Venus decreased by 0;55°. 

COMMENTARY 

Since we know the maximum equations of the anomaly for al-Khwarizmi, as well as 
those in the Zij al-Shah, which was al-Fazari’s source (see On Transits, 54:5-14), we can 
easily restore Ya‘qib’s values. 


Zij al-Shah, al-Fazari, 
and al-Khwarizmi Ya‘qib ibn Tariq 
Saturn 5;44° 5;44° 
Jupiter 10;52 10;30 
Mars 40;31 40:3] 
Venus 47;1] 46;16 
Mercury 21;30 21;30 


Using the same method as indicated above, we can find the maximum equations of the 
anomaly for the Paitimahasiddhanta and the Brahmasphutasiddhanta. 
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Paitémahasiddhanta Brahmasphutasiddhanta 
Sighraparidhi Baas sighraparidhi Emax 
Saturn 40° 6;22,9° 35° 5;34,46° 
Jupiter 68 10;53,6 68 10;53,19 
Mars 243 42;28,36 243;40 42;37,39 
Venus 258 45;48,4 258 45;48,12 
263 46;57,43 
Mercury 132 21;31,43 132 21;31,30 


For the ardharatrika system one has values closer to those of the Zij al-Shah and of 
Ya‘qib, but still not identical with them. 


ardhardtrika system 
sighraparidhi Bieves Ζ1) al-Shah δ αὔθ 
Saturn 40° 6;20° 5;44° 5;44° 
Jupiter 72 11;30 10;52 10;30 
Mars 234 40;30 40;31 40;31 
Venus 260 46;15 47;11 46;16 
Mercury 132 21;30 21;30 21;30 


Ya‘qiib’s 46;16° for Venus indicates that he had access to the a@rdhardtrika system 
independently of the Zij al-Shah. 


Z 9. Abraham ben Ezra, De rationibus tabularum, p. 92. 

The Indians said that the (maximum) declination of the Sun is 24°, as Iacob Abentaric 
transmitted (to us) from the words of Chenche (7.e., Kanaka), the most learned of the 
Indians. 

COMMENTARY 

The value 24° is the standard Indian parameter for the obliquity of the ecliptic. For 

Kanaka, see our remarks in the introduction. 


TARKIB AL-AFLAK 

T 1. Al-Birwni, India, ed. pp. 397-400, trans. Vol. 2, pp. 67-68. 

The only Indian traditions we have regarding the distances of the planets are those 
mentioned by Ya‘qiib ibn Tariq in his book, Tarkib al-aflak; and he had drawn his 
information from the well-known scholar who, in a.H. 161 (9 Oct. 777-27 Sept. 778), 
accompanied an embassy to Baghdad. First, he gives a metrological statement: “A 
finger is equal to six barleycorns which are put one by the side of the other. An arm is 
equal to twenty-four fingers. A farsakh is equal to 16,000 arms.” 

Here, however, we must observe that the Indians do not know the farsakh, that it is, 
as we have already explained (Vol. 1, p. 167), equal to one half a yojana. 

Further, Ya‘qiib says: “The diameter of the earth is 2,100 farsakh, its circumference 
6,596 τς (read 6597 =<) farsakh.”’ 

On this basis he has computed the distances of the planets as we exhibit them in the 
following table. 

However, this statement regarding the size of the earth is by no means generally 
agreed to by all the Indians. So, for example, Pulisa reckons its diameter as 1,600 
yojana’s, and its circumference as 5,026 1% yojana’s; while Brahmagupta reckons the 
former as 1,581 yojana’s, and the latter as 5,000 yojana’s. 
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If we double these numbers, they ought to be equal to the numbers of Ya‘qub; but 
this is not the case. Now, the arm and the mile are respectively identical according to 
the measurement both of us and of the Indians. According to our computation, the 
radius of the earth is 3,184 miles. Reckoning, according to the custom of our country, 
1 farsakh = 3 miles, we get 6,728 farsakh (for the circumference); and reckoning 1 
farsakh = 16,000 arms, as is mentioned by Ya‘qitib, we get 5,046 farsakh. Reckoning 
1 yojana = 32,000 arms, we get 2,523 yojana’s. 

The following table is borrowed from the book of Ya‘qib ibn Tariq. 


Planets 


Moon 


Mercury 


Jupiter 


Zodiac 


Distances Farsakhs 
Radius of the earth 1,050 
Smallest distance 37,500 
Middle distance 48,500 

(read 48,250) 
Greatest distance 59,000 
Diameter 5,000 
Smallest distance 64,000 
Middle distance 164,000 
Greatest distance 264,000 
Diameter 5,000 
Smallest distance 269,000 
Middle distance 709,500 


Radii of the Earth 
} 
35 3 
46 + 
(read 45 29) 
56 τς 
44 
60 21 
156 “ὦ 
251 3 
4} 
256 34 
675 ἡ 


Greatest distance 
Diameter 
Smallest distance 
Middle distance 
Greatest distance 
Diameter 
Smallest distance 
Middle distance 
Greatest distance 
Diameter 
Smallest distance 
Middle distance 
Greatest distance 
Diameter 
Smallest distance 
Middle distance 
Greatest distance 
Diameter 

Radius of outside 
Radius of inside 


1,150,000 
20,000 
1,170,000 
1,690,000 
2,210,000 
20,000 
2,230,000 
5,315,000 
8,400,000 
20,000 
8,420,000 
11,410,000 
14,400,000 
20,000 
14,420,000 
16,220,000 
18,020,000 
20,000 
20,000,000 
19,962,000 


1,095 «Ὁ 
19 ἃ; 
1,114 3 
1,609 2} 
2,104 4§ 
19 2 
2,123 42 
5,061 42 
8,000 
19 3 
8,019 »1, 
10,866 3 
13,714 4 
19 3. 
13,733 4 
15,447 33 
17,161 42 
19 3 
19,047 43 
1,866 2 


(read 19,600,000) (read 18,666 3) 


Circumference from 
outside 125,664,000 


COMMENTARY 
In this curious passage on distances al-Biriini quite unequivocally states that his 
source is Ya‘qib’s Tarkib al-aflak; but, in an earlier work, the Tahdid, he ascribed 
similar parameters regarding the size of the earth and of the zodiacal circle to other 
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sources. Thus, once (Tahdid, 211:21-212:1) he says that al-Fazari in his zij stated that 
the circumference of the earth is 6,600 farsakh, where a farsakh is 16,000 cubits (“‘arms’’). 
Later on (Tahdid, 228:10-229:19), in discussing an Indian book whose title he gives as 
Kitab tahdid al-ard wa al-falak (Bhigoladhydya?), he attributes to it the following 
parameters: 


circumference of the earth 6,597 3 farsakh 
diameter of the earth 2,100 farsakh 


circumference of the zodiac 125,664,400 farsakh 
(read 125,664,000) 

diameter of the zodiac 40,000,000 farsakh 
He then proceeds (Tahdid, 229:20-230:3): ‘As the authors of the Sindhind al-saghir 
have dropped the zeroes from the beginning (right) of the number of days given in the 
Sindhind al-kabir (of al-Fazari), and have dropped in it an equal number of zeroes from 
the number of the Sun’s rotations, they have done so in this case. They have made the 
ratio of the diameter to the circumference equal to the ratio of 40,000 to 125,664, 
which was mentioned by al-Khwarizmi in his Zij, and in his Kitab al-jabr wa al-mugabala, 
after dividing each of those two numbers by two.” 

Thus it appears that the parameters for the diameters and circumferences of the 
earth and the zodiac (which, of course, are really values of 7) were already given by 
al-Fazari in his Sindhind al-kabir, probably taken from the Bhiigoladhyaya (? of the 
Mahasiddhainta?) (for their derivation, see T 2.) Ya‘qub ibn Tariq, using some unknown 
system of computation, gave as well the smallest, middle, and greatest distances of the 
planets and their diameters. It is to be observed that the middle distance is midway 
between the smallest and the greatest, and that the greatest distance of any planet plus 
its diameter equals the smallest distance of the next planet in the series. This means that 
the distances are to the nearest points on circumferences of the planets, not to their 
centers; and that each planet can be tangent to the next planet above or below it. 

If we measure in earth-radii from the center of the earth to the center of each planet 
at mean distance and multiply by 21, we get the following table: 


earth-radil x 21 differences 


Moon 1,015 2,315 
Mercury 3,330 11,060 
Venus 14,390 19,610 
Sun 34,000 72,500 
Mars 106,500 121,900 
Jupiter 228,400 96,200 
Saturn 324,600 75,400 
Zodiac (outside) 400,000 


These numbers bear no relation to the sidereal periods of the planets, nor is there any 
apparent connection between the maximum and minimum distances and the planets’ 
maximum and minimum equations. 

The distances of the planets are referred to by Brahmagupta in his Brahmasphut- 
asiddhanta in verses 11-12 of Chapter 21, which is entitled Goladhydya (cf. India, Vol. 2, 
pp. 70-71). Bragmagupta states the following things (cf. also Aryabhatiya, Dasagitika 4): 

(a) The circumference of the lunar orbit is 324,000 yojana’s; 

(b) all of the planets in a kalpa travel an equal number of yojana’s; 
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(c) that number of yojana’s is the circumference of heaven; 
(d) the circumference of the zodiac is 60 times the circumference of the solar orbit. 


Using this information and the revolutions of the planets in a kalpa one can construct 
the following table of circumferences of orbits; for comparison I give also the circum- 
ferences according to the Bhigoladhydya of the modern Stryasiddhadnta (12, 185-90), 
where the numbers of revolutions of the planets are different from those in the 
Brahmasphutasiddhénta and where the yojana’s of circumference have been rounded off. 
The radii of these orbits, which are the distances of the planets from the center of the 
earth, depend on one’s value for 7z. 


Brahmasphutasiddhanta Suryasiddhanita 
Moon 324,000 324,000 
; 1561237670 
Mercury’s con}. 1,043,210 3942194873 1,043,209 
1627580383 
V ἡ : paar etek ech 
enus’ conj 2,664,629 1755597373 2,664,637 
Sun 4,331,497 5 4,331,500 
82430924 
M ih shat 
ars 8,146,916 1148414961 8,146,909 
: 54182089 
Jupit ps fac κεβδότα μδδάσι 
upiter 51,374,821 7984529] 51,375,764 
8412079 
Sat ἐπεισ τος f 
aturn 127,668,787 54437885 127,668,255 
Zodiac 259,889,850 259,890,012 
Heaven 18,712,069,200,000,000 18,712,080,864,000,000 


We know from elsewhere in the Brahmasphutasiddhanta that Brahmagupta assumed 
the circumference of the earth to be 5,000 yojana’s (1, 36) and its diameter 1,581 yojana’s 
(21, 32). By simple proportion we find that the radius of the lunar orbit is 51,204.4 
yojana’s or 64.76 earth radii. Ptolemy (Syntazis 5, 13) finds the mean distance of the 
Moon at syzygies to be 59 earth-radii, at quadrature 38;43 earth-radii, and the radius 
of the Moon’s epicycle to be 5;10 earth-radii; so the maximum distance of the Moon 
from the center of the earth would be 64.16 earth-radii, which is practically identical 
with Brahmagupta’s value. Nor is it very far from Ya‘qib’s maximum distance. 

In order to compare the diameters of the planets according to Ya‘qib with various 
Indian values, I tabulate below the figures in yojanas given by Brahmagupta in the 
Brahmasphutasiddhanta (1, 36 and 21, 32), by Aryabhata in the Aryabhatiya (Dasagitika 
5), and by the modern Stryasiddhanta (1, 59; 4, 1; and 7, 13-14). 


diameters Brahmagupta Aryabhata Suryasiddhanta 
earth 1581 1050 1600 
(earth’s circum.) 5000 <3298.68» «5059.64» 
Moon 480 315 480 
Mercury 21 45 
Venus 63 60 

Sun 6522 4410 6500 

Mars 123 30 
Jupiter 314 524 
Saturn 152 374 
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The only parameter among these which at all corresponds to Ya‘qib’s is Aryabhata’s 
diameter of the earth, which is precisely that of the Tarkib al-aflak; the latter’s circum- 
ference of the earth is 3,298 17/25 yojana’s, which is also precisely Aryabhata’s cir- 
cumference using Aryabhata’s value of +. As was noted above, these measurements of 
the earth had been given by al-Fazari in his Sindhind al-kabir and in the Bhigoladhydya 
(? of the Mahdsiddhanta?) before Ya‘quib used them. 

It will be noticed that Puliga (i.e., the latest Paulisasiddhdnta), as quoted by al- 
Biriini, agrees with the modern Siryasiddhaénita in making the diameter of the earth 
1,600 yojana’s, but disagrees as to the circumference, which he takes to be 5,02644 
yojana’s. The difference reflects differing values of 7. The Sdryasiddhanta uses ν 10 for 
a; Aryabhata (Ganitapdda 10) the ratio $4234; and Brahmagupta and the latest Paulisa 
the stated ratios of the circumference to the diameter of the earth. 

The Sanskrit metrological units to which Ya‘qib refers are the following: 

6 yava’s (barley corns) = 1 angula (finger) 
24 angula’s 1 hasta (hand) 
32,000 hasta’s 1 yojana. 


T 2. Al-Birtini, India, ed. p. 132, trans. Vol. 1, p. 169. 
The same relation (i.e., 1:34:44) is derived from the old theory, which Ya‘qutb ibn 
Tariq mentions in his book, Tarkib al-aflak, on the authority of his Indian informant, 
namely that the circumference of the zodiac is 1,256,640,000 yoyana’s (read 125,664,000 
farsakh’s), and that its diameter is 400,000;000 yojana’s (read 40,000,000 farsakh’s). 

These numbers presuppose the relation between circumference and diameter to be as 
1:3PS8s0000, (read οβ 3 5). These two numbers may be reduced by the common 
divisor of 360,000 (read 32,000). Thereby we get 177 as the numerator and 1,250 as the 
denominator; and this is the fraction which Puliga had adopted. 

COMMENTARY 

The dimensions of the zodiac have been mentioned above in T 1. The value of 
a PS Ss002 is precisely equal to Aryabhata’s $4$4%, since numerator and denominator 
have both been multiplied by 2 (the 2 converts yojana’s to farsakh’s). And Aryabhata’s 
value of zr, as we have seen, gives earth-dimensions of 329844 yojana’s and 1050 yojana’s, 
or 65979" farsakh’s and 2100 farsakh’s. Therefore, it is clear that the dimensions of the 
zodiac in the Bhigoladhydya (? of the Mahasiddhdnta?) as those of the earth are directly 
derived from the Aryabhatiya. 

That the latest Paulisasiddhanta used 7=37%5, however, does not agree with its 
earth-dimensions as given in T 1, namely 5,02644 yojana’s and 1,600 yojana’s. These 
dimensions give a value of π equal to 345. 

Note that Aryabhata’s expression of 7, $4444, is simply a fractional way of expressing 
the decimal 3.1416 which, as al-Biruni notes, was used by al-Khwéarizmi in his Kitab 
al-mukhtasar fi hisab al-jabr wa al-mugdbala (ed. p. 51, trans. pp. 71-72). 


T 3. Al-Biriini, India, ed. p. 266, trans. Vol. 1, p. 312. 

If the circumference of the earth is 4,800 yojana’s, the diameter is nearly 1,527; but 
Pulisa reckons it as 1,600, Brahmagupta as 1,581 yojana’s, each of which is equal to 
eight miles. The same value is given in the Zij al-Arkand as 1,050. This number, however, 
is, according to ibn Tariq, the radius, whilst the diameter is 2,100 yojana’s, each yojana 
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being reckoned as equal to four miles, and the circumference is stated as 6,5963% (read 
6,59725) yojana’s. 
COMMENTARY 

As explained in the next paragraph by al-Birtini, the earth-circumference of 4,800 
yojana’s was given by Brahmagupta in his Khandakhddyaka (1, 15); he further indicates 
that in the Uttarakhandakhadyaka Brahmagupta corrected this circumference, but the 
appropriate verse has not yet been located. The ratio 4,800 to 1,527 gives a value of π 
equal to 33235. 

A yojana is here taken to equal eight miles; in T 1 it was assumed to equal six miles. 
What are called yojana’s of ibn Tariq here, being half an ordinary yojana (of eight miles), 
are, in fact, the farsakh’s of T 1. 

This fragment informs us that the Zij al-Arkand, like the Bhigoladhydya (? of the 
Mahasiddhanta?), al-Fazari, and Ya‘qib, derived its figure for the diameter of the earth 
from the Aryabhatiya; in most other matters we know that it rather depended on 
Aryabhata’s drdharatrika system. 


T 4. Al-Biriini, India, ed. p. 269, trans. Vol. 1, p. 316. 

Ya‘qib ibn Tariq says in his Tarkib al-aflak that the latitude of Ujjayn is four parts 
(ajza@’) and three-fifths, but he does not say whether it lies in the north or the south. 
Besides, he states it, on the authority of al-Arkand, to be four parts and two-fifths of a 
part. 

COMMENTARY 

For Ya‘qib, juz’ seems here to signify a digit of the noon equatorial shadow. A noon 
equatorial shadow of 4;36 digits implies a latitude of 22° (see K 5); the latitude of 
Ojjain, of course, is northern. The Zij al-Arkand to which al-Birini refers in the next 
sentence after the passage quoted above, as it mentions al-Mansira, is evidently that 
composed in Sind in 735, for which see the commentary on al-Hashimi 93v:23-94r:2; 
according to this zij the latitude of Ujjain is 22;29°, which implies a noon equatorial 
shadow of almost 5 digits. The 4;24 digits cited by Ya‘qiib, then, must be from another 
version of the Zij al-Arkand—presumably that which existed in Sasanian times. 

As fragments T 5 through T 11 deal with the computation of the ahargana, it may 
be well here to summarize what the Paitémahasiddhainta and the Brahmasphutasiddhanta 
have to say on the subject. 


A. Parameters. 


a. 1 Kalpa = 4,320,000,000 years = 1,000 Mahdiyuga’s. 
b. 1 Krtayuga = 1,728,000 years (432,000 x 4). 

ὁ. 1 Tretayuga = 1,296,000 years (432,000 x 3). 

d. 1 Dvdparayuga = 864,000 years (432,000 x 2). 

e. 1 Kaliyuga = 432,000 years (432,000 x 1). 

f. 1 Mahéyuga = 4,320,000 years (432,000 x 10). 

g. 1 Kalpa = 14 Manvantara’s + 15 sandhi’s (Krtayuga’s). 
ἢ. 1 Manvantara = 71 Mahdyuga’s = 306,720,000 years. 
i. 14 Manvantara’s = 4,294,080,000 years. 

j. 15 sandhi’s = 25,920,000 years. 

k. 1 Kalpa = 4,320,000,000 years. 
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In a kalpa there are 1,582,236,450,000 revolutions of the fixed stars. 


. Civil days = revolutions of the fixed stars—revolutions of the Sun = 


1,577,916,450,000. 

Saura months = revolutions of the Sun x 12 = 61,840,000,000. 

Saura days = saura months x 30 = 1,555,200,000,000. 

In a kalpa there are 57,753,300,000 revolutions of the Moon. 

Naksatra days = revolutions of the Moon x 27 = 1,559,239,100,000. 

Synodic months = revolutions of the Moon—revolutions of the Sun = 
53,433,300,000. 

Tithi’s = synodic months x 30 = 1,602,999,000,000. 

Adhimésa’s = synodic months—saura months = 1,539,300,000. 

Avama’s = tithi’s—civil days = 25,082,550,000. 


B. Elapsed time between the beginning of the kalpa and the epoch of the Saka era 
(a.D. 78), according to the Brahmasphutasiddhanta. 


6 Manvantara’s 


1,840,320,000 years 


7 sandhi’s = 12,096,000 years 
27 Mahayuga’s = 116,640,000 years 
1 Krtayuga = 1,728,000 years 
1 Tretayuga ΞΞ 1,296,000 years 
1 Dvadparayuga = 864,000 years 


to beginning of Kaliyuga 1,972,944,000 years (432,000 x 4,567). 


Of the present Kaliyuga (epoch—3101) there elapsed 3,179 years to the epoch of the 
Saka era; thus, the total number of elapsed years from the beginning of the kalpa to the 
epoch of the Saka era is 1,972,947,179. 


C. The calculation of the ahargana according to the Pattémahasiddhanta. 


a. 
. Multiply the product by the number of years in a Mahdayuga. 
. Add the product of the number of elapsed Manvantara’s increased by one multiplied 


Multiply the elapsed Manvantara’s by 71. 


by a Krtayuga. 


. Add the number of years that have elapsed of the present Mahdyuga; the sum is 


the number of elapsed years from the beginning of the kalpa to the beginning of 
Caitra of the present year. 


. Multiply the sum of elapsed years by 12, and add to the product the number of 


months that have elapsed of the present year; the sum is the number of elapsed 
saura months. (This is inaccurate.) 

Multiply the elapsed sawra months by 30, and add to the product the number of 
tithi’s that have elapsed of the present month; the sum is the number of elapsed 
saura days. (This is inaccurate.) 

Find the number of elapsed adhimdsa’s from the proportion: 


— A απο σπππηασυ τυ πασπιπαιππππ = “πιὰ πο ΟΝ 


. Multiply the number of elapsed αὐλίηιᾶδα᾽Β by 30, and add to the product the 


number of elapsed saura days; the sum is the number of elapsed tithi’s. 
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Find the number of elapsed avama’s from the proportion: 


elapsed tithi’s __—tithi’s ina kalpa_ _ 1602999000000 
elapsed avama’s avama’sinakalpa 25082550000 


The number of elapsed civil days (the ahargana) equals the number of elapsed 
tithi’s minus the number of elapsed avama’s. 


Ὁ. The calculation of the ahargana in the Brahmasphutasiddhanta: eight rules. 
I (1, 29-30). (Cf. Kennedy, Engle, and Wamstad, in JN ES, 24 (1965), 274-84). 


a. 


δ. 


Multiply the elapsed years by 12, and add to the product the elapsed synodic 
months of the present year; the sum is the number of elapsed sawra months. (This 
is inaccurate; see Paitamahasiddhanta a-e). 


. Find the elapsed adhimdésa’s from the proportion: 


elapsed saura months — saura months in a kalpa 


elapsed adhimasa’s ~——  adhimasa’s in a kalpa 


(Cf. Paitamahasiddhanta g.) 


. The elapsed synodic months are the sum of the elapsed saura months and the 


elapsed adhimasa’s. (Cf. Paitamahasiddhanta h.) 


. Multiply the elapsed synodic months by 30, and add the fitha’s that have elapsed 


of the present month; the sum is the number of elapsed tithi’s. (Thus Brahmagupta 
avoids adding tithi’s to saura days.) 


. Find the elapsed avama’s from the proportion: 


elapsed tithi’s __tithi’s in a kalpa 
elapsed avama’s  avama’s in a kalpa 


(See Pattamahasiddhanta i.) 

The elapsed civil days (the ahargana) equal the elapsed tithi’s minus the elapsed 
avama’s. (See Paitamahasiddhanta j.) 

Divide the ahargana by 7; the remainder indicates the week-day, as the first day 
of the kalpa was a Sunday. 


IT (13, 11). Elapsed saura days from elapsed adhimdsa’s. 

We employ the following symbols: 

A capital letter indicates units in a kalpa, a lower-case letter elapsed units; a bar over 
the letter indicates that it is an integer number—e.g., ἃ is the largest integer contained 


in a. 


A = adhimasa’s 

C = civil days 

M = synodic months 

N = saura months 

R = remainder (in division) 
S = saura days 

T = tithi’s 

U = avama’s 
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Given the proportion: a 5, we can say that 


A § 
pe ea 5.8 
~~ § S 
From this it follows that 
(5 τε) 
ΕΞ S/x8S (@xS8)+R 
7 A ᾿ Α 


This is the formula Brahmagupta gives: the elapsed saura days equal the product of the 
integer elapsed adhimdsa’s multiplied by the saura days in a kalpa, first increased by the 
remainder, and then divided by the adhimdsa’s in a kalpa. 
ΠῚ (13, 12-13). Elapsed saura days from elapsed avama’s. 

First one finds the elapsed tithi’s by a formula similar to that used in IT: 


2 (a x T) + R 
7 U 
Then one finds the elapsed adhimasa’s from the proportion: 
Sane 
Α Τ' 


The final step is to convert the elapsed adhimdsa’s into elapsed adhimdsa-days, and to 
subtract these from the elapsed tithi’s: 


s=t— 30a. 


IV (13, 14). Elapsed saura days from elapsed civil days. 
The first step is to find the elapsed tithi’s from the proportion: 
oF ee 
Cc 1 Ὁ 
The rest of the procedure is a repetition of IIT. 
V (13, 15-16). Elapsed civil days from elapsed adhimdsa’s and elapsed avama’s. 
Following a procedure similar to that of II, and given that 


Se. 
cow 
one derives 
ex U0 ._ R 
τι Ξξ δ ΞΕ ἃ +E 
and thence 
ᾶἃ- (c x Ὁ -Β 
But, since 
u+c=t, 
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it follows that 


foie US R sy ἰδ (Ὁ ees 
C C 

But, since 

U+C=T, 
it follows that 

ΒΘ (c x T) -- Ro 
" C 
Similarly, given that 
t ἃ 
T A 
one derives 
4 = (t x A) — R’ 

= T 

Substituting exa-s for t, one gets 
5 -¢xTxA)—-(RxA)_ RP 
π᾿ σχτ ΠΝ 
and this reduces to 
5 - CX A_ (BR x A) + (Rx C) 
~ Ο Cx T 
or 
cx A= (a x + SX NEO x) Ἐπ᾿ 

If we call Ce nel TA) the “corrected remainder” or R,, then it follows that 


T 


_(@xC)+R 
τ τὰ 


And Brahmagupta states that the elapsed civil days equal the product of the integer 
elapsed adhimasa’s multiplied by the civil days in a kalpa, first increased by the 
“corrected remainder,’’ and then divided by the adhimasa’s in a kalpa. 
VI (13, 17). Elapsed civil days from elapsed avama’s. 

Using the proportion 


eee 
στυ 
one proceeds as in II to get 
_(uxC)+R 
δ υ 


VII (13, 18). Elapsed civil days from elapsed saura months. 
First one finds elapsed synodic months from the proportion: 
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From this it follows that, letting t, represent the elapsed tithi’s of the current month: 
t = 30m + t,. 
The elapsed civil days are found from the proportion: 


ka] + 


= 
C 


VIII (13, 14). Elapsed civil days from elapsed saura days. 
First one finds the elapsed adhimdsa’s from the proportion: 


Then it follows that 
t =s + 30a. 


The elapsed avama’s are found from the proportion: 


And, of course, 


T 5. Al-Biriini, India, ed. p. 297, trans. Vol. 1, p. 353. 
Mana (man) and praména (paramadn) mean measure. The four kinds of measure are 

mentioned by Ya‘qib ibn Fariq in Tarkib al-aflak, but he did not know them thoroughly; 

and, besides, the names are misspelled, if this is not the fault of the copyists. They are: 
sauramana (sawramdn), which is the solar measure; 

savanamana (sdbanaman), which is the (Sun-)rise measure; 

candramana (¢andraméan), which is the lunar measure; 

naksatramana (nakshatramdn), which is the lunar mansion measure. 

COMMENTARY 

These are the four standard measurements of time in Sanskrit texts. They are listed 
by the Pattamahasiddhanta (p. 1), and discussed in detail in Chapter 23 (Mdnddhydya) 
of the Brahmasphutasiddhanta. Al-Birini’s further discussion gives the lengths of the 
days in each of these measurements, based on the parameters of the Sindhind (and of 
Ya‘qib); cf. also Chronology, ed. p. 13, trans. p. 15. 

1. Sauramana. A saura day is τῆν of a sidereal year. Al-Biriini says that 1 saura day 
equals ly#$#§> civil days. This he derives from the fact that a sidereal year has 365-845 
civil days (i.e., 6, 5;15, 30, 22, 30 days). 

2. Sdvanamana. A civil day is simply 24 hours (approximately the time between two 
successive sunrises). 

3. Candramdana. A lunar day or tithi is τίς of a mean synodic month. Al-Biritni says 
that 1 titht equals #545454; civil days. Sachau corrects this to 44444445. As there are 
1,577,916,450,000 civil days and 1,602,999,000,000 tth2’s in a kalpa, the correct fraction 
is #P2$484. see India, p. 372, trans. Vol. 2, p. 35. The denominator of al-Birini’s 
fraction, 31,558,329, is τοῖο of the number of civil days in a kalpa; if we multiply the 
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numerator, 5,016,051, by 5,000 we get 25,082,550,000, which is the number of avama’s 
in a kalpa. So al-Birini’s fraction represents the part of an avama that equals a civil 
day, not the part of a civil day that equals a tithi, 

4. Naksatramana. A naksatra day is the time it takes the mean Moon to travel through 
one naksatra, where a naksatra is 35 of a circle or 13;20°. Al-Biriini states that 1 naksatra- 
day equals 1;4125 civil days; he derives this from a sidereal month of 2733933 days. 
As the Moon makes 57,753,300,000 revolutions in the 1,577,916,450,000 civil days in a 
kalpa, this parameter tor the length of a sidereal month is correct. 


T 6. Al-Biriini, India, ed. pp. 360-61, trans. Vol. 2, p. 23. 

As regards adhimdsa (ddimasah), the word means ‘“‘the first month,” for ddi means 
“beginning.” In the books of Ya‘qtib ibn Tariq and al-Fazari this name is written pad- 
hamdasah (read malamaésah, for Sanskrit malamdsa). Padh means “‘end,’’ and it is possible 
that the Indians call the leap month by both names; but the reader must be aware that 
these two authors frequently misspell or disfigure the Indian words, and that there is no 
reliance on their tradition. 

CoMMENTARY 

The leap months (i.e., the difference between the synodic months and the saura 
months in a kalpa) are called adhimdsa’s by both the Paitamahasiddhanta and the 
Bréhmasphutasiddhanta. Evidently al-Fazari’s source (the Mahdsiddhanta?) called them 


malamasa’s; «ὦ is a misreading (apparently old) of cb. 


Al-Biriini’s interpretations demonstrate his lack of real familiarity with Sanskrit. 
Adi does indeed mean “‘beginning”’; but, had he looked at any Sanskrit astronomical 
text, he would know that the correct form is adhimdsa, meaning ‘‘additional month.” 
And, though he elsewhere states correctly that mala means “‘dirt’’ (India, ed. p. 358, 
trans. Vol. 2, p. 20), he is wrong to think that pada means “‘end”’; its true significance is 
“step.” 


T 7. Al-Birini, India, ed. p. 364, trans. Vol. 2, p. 26. 

Ya‘quib ibn Tariq has made a mistake in the computation of the solar days; for he 
maintains that you get them by subtracting the solar cycles of a kalpa from the civil 
days of a kalpa, i.e. the universal civil days. But this is not the case. We get the solar 
days by multiplying the solar cycles of a kalpa by 12 in order to reduce them to months, 
and the product by 30 in order to reduce them to days, or by multiplying the number of 
cycles by 360. 

In the computation of the tithz’s he has first taken the right course, multiplying the 
lunar months of a kalpa by 30, but afterwards he again falls into a mistake in the 
computation of the avama’s (ayydm al-nugsdn). For he maintains that you get them by 
subtracting the solar days from the tithi’s, while the correct thing is to subtract the civil 
days from the tzthi’s. 

CoMMENTARY 

Clearly, as al-Biriini reports Ya‘qiib’s rule for computing the saura days, it is totally 
wrong. One might suggest that the original had the rule given in Am: civil days = 
revolutions of the fixed stars — revolutions of the Sun. 
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Ya‘qtib’s second rule, for computing tithi’s, is given in As. The third rule should, of 
course, be ἃ = t — c, not ἃ = t — s; but it has already appeared in the first rule that 
Ya‘qtib’s expression for civil days was confused with that for sawra days. 


T 8. Al-Biriini, India, ed. pp. 370-71, trans. Vol. 2, pp. 33-34. 

We have already pointed out (T 7) a mistake of Ya‘qiib ibn Tariq in the calculation 
of the universal solar days and avama’s. As he translated from the Indian language a 
calculation the reason of which he did not understand, it would have been his duty to 
examine it and to check the various numbers of it one by the other. He mentions in 
his book also the method of ahargana, i.e. the resolution of years, but his description is 
not correct; for he says: 

“Multiply the months of the given number of years by the number of adhimdsa’s 
which have elapsed up to the time in question, according to the well-known rules of 
adhimasa. Divide the product by the solar months. The quotient is the number of 
integer adhimdsa’s plus its fractions which have elapsed up to the date in question.” 

The mistake is here so evident that even a copyist would notice it; how much more a 
mathematician who makes a computation according to this method. For he multiplies, 
by the partial instead of the universal adhimdsa’s. 

Besides, Ya‘qtib mentions in his book another and perfectly correct method of res- 
olution, which is this: ““When you have found the number of months of the years, 
multiply them by the number of the synodic months, and divide the product by the 
solar months. The quotient is the number of adhimdsa’s together with the number of 
the months of the years in question. 

“This number you multiply by 30, and you add to the product the days which have 
elapsed of the current month. The sum represents the tithi’s. 

“If, instead of this, the first number of months were multiplied by 30, and the past 
portion of the month were added to the product, the sum would represent the partial 
solar days; and if this number were further computed according to the preceding 
method, we should get the adhimdsa-days together with the solar days.” 

COMMENTARY 
Ya*‘qiib’s first rule is to find the elapsed adhimasa’s from the proportion: 


eney 

ΑΝ 
As al-Biriini delights in pointing out, he mistakenly substitutes a for A. Essentially the 
same proportion was used by Brahmagupta (VIII): 


This form avoids fractions in the numerator (n is almost always an integer plus a fraction). 
Ya*‘qtb’s method of computing the elapsed tithi’s from the elapsed saura months is 
derived from Bragmagupta (VII): 
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But his second rule for doing the same thing combines elements of the Paitamahasidd- 
hanta with those of the Brahmasphutasiddhanta: 


s = 30n + t, (Paitémahasiddhanta f.) 


eed (Brahmagupta VITI) 
A § 
t = s + 30a (Brahmagupta VIII). 

T 9. Al-Biritini, India, ed. pp. 374-75, trans. Vol. 2, p. 38. 

Because the majority of the Indians, in reckoning their years, require the adhimasa, 
they give preference to this method, and are particularly painstaking in describing 
the methods for the computation of the adhimdsa’s, disregarding the methods for the 
computation of the avama’s and the sum of the days (ahargana). One of their methods of 
finding the adhimdasa for the years of a kalpa or caturyuga or kaliyuga is this: 

They write down the years in three different places. They multiply the upper number 
by 10, the middle by 2,481, and the lower by 7,739. Then they divide the middle and 
lower numbers by 9,600, and the quotients are days for the middle number and avama’s 
for the lower number. 

The sum of these two quotients is added to the number in the upper place. The sum 
represents the number of the complete adhimdsa-days which have elapsed, and the 
sum of that which remains in the other two places is the fraction of the current adhimdsa. 
Dividing the days by 30, they get months. 

Ya‘qub ibn Tariq states this method quite correctly. 

COMMENTARY 

This procedure, of course, is based on the difference between a solar year and 12 
synodic months, that is, on the epact. The reasoning behind this peculiar expression 
of the epact can be demonstrated as follows; in order to express units in a sidereal year, 
I add a subscript y. Y represents the years in a kalpa; y represents elapsed years. 


» = Ὁ, 1577916450000 _ 44, , 5 , 2481 
νυ = ¥ = 4320000000. ~ °° * ? * 9600 
᾿ς ὉΠ _ 25082550000, | 7739 
» = ¥ = 7320000000 9600 
s = 360y. 


Since 5 + $83 is the difference between the civil and sawra days in a year, it follows 
that 


2481 
e-s=yx (5+ 575); 
and, of course, 
u=yx (5+ σεῦ) - " -- ὁ 


Therefore 


2481 7739 
y x (10 + 5555 + gap) - ὁ - 9 19 - 5. - ῦ -- 5 = 808. 
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The amount in parentheses is the epact in tithi’s; it amounts to 11445, which is a little 
high. 


T 10. Al-Birini, India, ed. p. 380, trans. Vol. 2, p. 44. 

Ya‘qib ibn Tariq has a note to the same effect: ‘Multiply the given civil days by the 
universal tithi’s and divide the product by the universal civil days. Write down the 
quotient in two different places. In the one place multiply the number by the universal 
adhimdsa-days (read adhimdsa’s) and divide the product by the universal tithi’s. The 
quotient gives the adhimdsa’s. Multiply them by 30 and subtract the product from the 
number in the other place. The remainder is the number of partial solar days. You 
further reduce them to months and years.” 

COMMENTARY 

This rule is taken from Brahmagupta (IV): 


7 = δ (solve for t) 
a t 

AT (solve for a) 
s=t— 30a. 


T 11. Al-Birtini, India, ed. pp. 380-81, trans. Vol. 2, p. 45. 

The following rule of Ya‘qib for the computation of the partial avama’s by means of 
the partial adhimdasa’s is found in all the manuscripts of his book: 

“The past adhimdsa’s, together with the fractions of the current adhimasa, are multi- 
plied by the universal avama’s, and the product is divided by the universal solar months. 
The quotient is added to the adhimdsa’s. The sum is the number of the past avama’s.”’ 

This rule does not, as I think, show that its author knew the subject thoroughly, nor 
that he had much confidence either in analogy or experiment. 

COMMENTARY 

Unless we can emend this strange rule, al-Biriini’s assessment of it is correct. The 
present text (assuming that by “fractions of the current adhimdsa’’ Ya‘qiib means only 
R, the numerator) is equivalent to: 


5 
~ N 
It must be emended to: 
ae (ἃ x U)+R 
7 A 
If this emendation is correct, the rule is based on the procedure used by Brahmagupta 
(II). , 
T 12. Al-Hashimi, Kitab ‘tlal al-zijat, 114 τ: 10-12. 
Al-Farghani (in his commentary on al-Khwarizmi’s Zij al-Sindhind ) related concerning 
Ya‘qib ibn Tariq that he claimed that it (i.e., the apogee) is an alidade with which God 


rectifies the heavens, and he relates the same concerning Mash@a’allah. This saying about 
Mash@’allaih is better established than that concerning Ya‘qib ibn Tariq. 
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COMMENTARY 
As in determining the position of a star a man arranges in one straight line of vision 
the two holes in the alidade of his astrolabe and the celestial object being sighted, so 
God arranges in one straight line the earth, the center of the deferent circle, the apogee, 
and the planet. It is unclear why al-Hashimi states that this saying is better established 
about Masha’allah than about Ya‘qib, but cf. al-Mas‘idi, Kitab al-tanbih wa al-ishraf, 
p. 222. 


T 13. Ibn Masriar, Kitab ‘ilal al-zijat, ff. 46-47. 

Verily Ptolemy claimed that, as knowledge of the Almagest comes before beginning 
the practice of determining planetary motions, speed and slowness have two parts for 
each circle. In the circle with eccentricity, there are the speed and slowness which are 
due to the apogee-orb in accordance with what was depicted for us in the book Tarkib 
al-aflak. The second (speed and slowness) are due to the difference of the center of the 
epicycle with respect to the zodiacal circle, as we explained in the beginning (2). 

COMMENTARY 

This fragment is included here because, aside from the work of ‘Utarid ibn Muhammad 
(Fthrist, p. 278), Ya‘qitb’s is the only book entitled Tarkib al-aflak known to us. The 
reference is probably to the same section of the work that T 12 is derived from. 


KITAB AL-“ILAL 

K 1. Al-Birtini, On Shadows, 51:9-52:19. 

And when one puts together the operations of the workers in this field about that, the 
routes they travelled and the numbers they put will not remain hidden, as is the case 
with Muhammad ibn Ibrahim al-Fazari, Ya‘qib ibn Tariq, Muhammad ibn Misa 
al-Khwarizmi, Habash al-Hasib, Abi Ma‘shar al-Balkhi, al-Fad] ibn Nadim al-Nayrizi, 
Muhammad ibn Jabir al-Battani, and Abi al-Wafa’ al-Buzjani. All of these explained 
in their z7j’es that, if the shadow is squared and the gnomon is squared and the (square) 
root of their sum is taken, it will be the cosecant. ... And when the cosecant is deter- 
mined for all of them, some of them proceed to the cosine of the altitude, and some to 
the sine of the altitude itselt.... However, those who proceed toward the sine of the 
altitude itself divide by the cosecant the product of the gnomon and the total sine. .. . 
However, al-Fazari, al-Khwarizmi, Ya‘qib ibn Tariq, Abii Ma‘shar, and the author of 
the Zij al-Shah prescribe the division of 1,800 by the cosecant, and it is the product of 
150 multiplied by 12. 

COMMENTARY 

If ATE is on the plane of the observer’s horizon, and if B is the zenith, H the Sun, 

EL the gnomon, KL the shadow, and EK the cosecant, then 


EK = VEL? + KL?, 
and HT, the sine of the Sun’s altitude, can be derived by 


EL x EH 
cas i aa 


This rule is also found in the Khandakhadyaka (3, 10-11). The inclusion of the Zij 
al-Shah among the texts exhibiting the form substituting 1,800 for R x the gnomon 
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indicates that this rule is derived from the Zij al-Arkand, to whose tradition the 
Khandakhadyaka also belongs. From the Zij al-Shah it has been adopted by al-Fazari 
despite its use of R = 150’ instead of R = 3270’. 


K 2. Al-Birtini, On Shadows, 53:6-14. 

For the inverse of this, if the altitude is assumed known and the shadow of the 
gnomon is wanted for that time, the ratio of the sine of the altitude to its cosine is the 
ratio of the gnomon to its shadow; and from this the gnomon is multiplied by the cosine 
of the altitude, and the result is divided by the sine of the altitude, and the shadow 
results. And this operation in the Zij al-Shah, Ya‘qib, al-Khwarizmi, Habash, Abi 
Ma‘shar, al-Nayrizi, and al-Battani does not differ except (to the extent) that the above 
operation differs. I mean that some of them omit mentioning (the units of) the gnomon 
when it is multiplied by itself, while others specify its parts according to what has been 
assumed in their zi7’es. 

COMMENTARY 
From the situation as previously given it is obvious that indeed 


Η EL 
ET KL 

K 3. Al-Birtni, On Shadows, 147:15-18. 

And Ya‘qib ibn Tariq ...in his saying: “Divide by the hypotenuse of the shadow 
at the time 1,800, and multiply what comes out by 150. Divide what results by the sine 
of the noon altitude, and there comes out a sine. We find its (corresponding) arc and take 
of it for each 15° one equal hour.” 

COMMENTARY 

The first part of this rule is identical with that in K 1; the result is HT, the sine of 
the Sun’s altitude. The remaining part of the rule gives a rough approximation to the 
time elapsed since sunrise based on the two following considerations: 

1. At noon, HT equals the sine of the noon altitude, and the arc between the inter- 
section of the ecliptic and the horizon and that of the meridian and the ecliptic on an 
equinoctial day is 90°; the Sine of 90° is R = 150’. 

2. At sunrise, HT is 0, and the arc also is 0. 

Ya‘qub’s rule makes all intermediate points proportional. It will only begin to be 
accurate when the Sun is on the equator. 


K 4. Al-Biriini, On Shadows, 84:2-6. 

And it is possible that the need for the determination of the time is so urgent that it 
allows no time for adjusting the instrument. (Let us suppose) the gnomon set up on a 
plane inclined to the plane of the horizon, (but) parallel to (one) standing vertically. 
So we mark on that plane at the head of the shadow a mark so as to retain the desired 
(thing, and) we correct (it) afterwards. And that is what Ya‘qib ibn Tariq mentioned 
of its computation in his Kitab fi al-“ilal. 

COMMENTARY 

This technique of immediately recording a shadow and later adjusting the angles so 

as to tell what time it was when the shadow was cast would be particularly valuable to 


astrologers, who need to record a particular instant but have not beforehand prepared a 
gnomon. 
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K 5. Al-Biriini, On Shadows, 94:19-95:4. 

That is why al-Nayrizi, and Ya‘qiib ibn Tariq said concerning its (the equinoctial 
shadow’s) determination: ‘‘Multiply the sine of the latitude of the locality by the gnomon, 
and divide the result by the cosine of the local latitude; there results the equatorial 
shadow.”’ There is some doubt as to the words of Ya‘qib, because he calls the sine a 
straight chord (watar mustaqim). 

CoMMENTARY 

The rationale of this common rule is easily seen from the following: O is the observer, 
OH the plane of his horizon, Z his zenith, S the Sun on the equator at noon, and AB the 
gnomon. Then CS = OH is sine ¢, and SH is cos ¢. Clearly the equatorial shadow, OB, 


is found by the proportion: 

OB ΑΒ 

OH SH 
This rule is given, inter alia, in Brahmasphutasiddhanta 3, 28. For the term “straight 
chord” see K6. 


K 6. Al-Birtini, On Shadows, 127:16—-129:1. 

This (i.e., the sine of the equation of daylight) is exactly what Ya‘qib ibn Tariq 
explained in his Kitab al-‘ilal. For he said: ‘‘Take the reversed chord of the distances of 
the end of each (zodiacal) sign, and subtract it from 3,438; there will remain the chord 
of the noon of the sign’s daily circle. Multiply the straight chord of this distance by the 
equatorial shadow, and divide the result by the digits of the gnomon. Multiply what 
results by 3,438, and divide the resulting amount by the chord of the hoop (tawgq) of the 
sign’s daily circle. That which results make into an arc; and it is the excess for Aries, 
and the deficiency for Virgo.”’ 

This is because the straight chord for him is the ordinary sine, and the reversed (chord) 
is the versed (sine); this (above-)mentioned number is the minutes of the total sine 
according to Aryabhata (Aryabhatiya, Dasagitika 10); the chord of the hoop of the sign’s 
daily path is the cosine of its declination, I mean half the diameter of its daily path; the 
distance of the sign is its declination; and the (above-)mentioned excess and deficiency 
refer to the differences between a right ascension and an (oblique) ascension for the 
locality. Since the arc-sine comes out for him in minutes, he claims that the result is in 
pranas (baran), that is “respirations,” because, according to the Indians, an adjusted 
(respiration) is equal to the revolution of one minute of an equatorial zaman. Each six 
azman make a ghatika (kahri ms.), I mean one of the minutes of the day, whose seconds 
are called vinddi (bandri); but the common people among them call them jasha (ms.; 
habasha ed.) and isdjaka (ms.; dajaka ed.). 

COMMENTARY 

This rule employs a value of R different from that used in K 1 and K 3, namely 
3438’ instead of 150’. As al-Biriini remarks, the former value is found in the Aryabhatiya; 
it occurs many other places as well, e.g. in the Paitimahasiddhanta. The terminology 
of “straight chord” and “reversed chord” is a direct translation of the Sanskrit kramajya 
and utkramajyé used, e.g., in the Brahmasphutasiddhanta. The time measurements are: 

6 prana’s = 1 vinddi (or casaka) 
60 vinddi’s = 1 nadi or ghatika 
60 ghatika’s = 1 nychthemeron. 
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The phrasing of the first part of the rule indicates that “distance of the end of the 
sign’’ is not δ but 90° — δ; for 


Vers. 6 = R — Sin (90° — 6). 


Then, 
R — Vers (90° — δ) = Sin ὃ. 
The rule as given, e.g. in Brahmasphufasiddhanta 2, 57-58 is: 
_ Sin 6 x equatorial shadow if R 
" 12 Cos ὃ 


Cos ὃ is, of course, the Sine of the Sun’s day-circle; see K 5. A proof of this theorem can 
be found in O. Neugebauer, The Astronomical Tables of al-Khwarizmi, “Hist. Filos. Skr. 
Dan. Vid. Selsk.” 4, 2 (Kebenhavn, 1962), pp. 50-51. 


Sin y 


K 7. Al Biriini, On Shadows, 131:1-7. 
And in the Kitab al-“ilal of Ya‘qiib ibn Tariq (it says): “Multiply the equatorial shadow 
by the chord of the increment for Aries, namely the sine of its right ascension, and 
divide what results by the noon shadow in the position of the maximum ascension of the 
signs at the equator (it is 26;58 digits), and we mean by that the equatorial shadow for 
the position whose latitude equals the inclination of the ecliptic. So there comes out the 
chord of the deficiency of the zone of Aries, and the increment of the zone of Virgo; 
make it an arc, and it will be the decrease for Aries and the increase for Virgo.” 
COMMENTARY 
Ya‘qiib here uses three elements: the sine of right ascension (Sin a), the noon equi- 
noctial shadow at latitude ¢ (Cot ¢), and what he calls “‘the noon shadow in the position 
of the maximum ascension of the signs at the equator, ...and we mean by that the 
equatorial shadow for the position whose latitude equals the inclination of the ecliptic.”’ 
This seems to refer to Coté, but the value he gives, 26;58 digits, is equal to Cote. 
Therefore, the formula is: 
Cot 4 
Cot € 


Sin y = Sina x 


This is correct; for details, see Kennedy’s commentary on the On Shadows. 


SPURIOUS FRAGMENT 
Sa‘id al-Andalusi, Kitab tabagat al-wmam, ed. p. 60, trans. p. 117. 

Among those who have thoroughly studied astrology and who followed in the path of 
foreigners—Persians, Greeks, and so on—Ya‘qib ibn Tariq is outstanding; he is the 
author of the Kitab al-magdlat, which deals with the horoscopes of the Caliphs and 
Kings and of the fate of those for whom one does not know the time of the birth. 

COMMENTARY 

As no other reference to Ya‘qiib involves astrology, and as Sa‘id is an extremely 

unreliable source, it seems best to regard the Kitab al-magalat as spurious. 
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THE FRAGMENTS OF THE WORKS OF AL-FAZARI 


DAVID PINGREE, University of Chicago 


Au-Pazisi is the name of the person most directly connected with the trans- 
mission of a Sanskrit work on astronomy—the Mahdsiddhanta(?) belonging to what 
later became known as the Brahmapaksa—to the Arabs in the early part of the eighth 
decade of the eighth century of the Christian era. This was not the first infusion of 
Indian astronomical theories into Islam; prior to it was the mediating influence of the 
Zij al-Shah in the versions of Khusrau Anishirwan and of Yazdijird ITI, the composition 
of the Zij al-Arkand and its derivatives at Qandahdar in 735 and after, and that, of the 
Zij al-Hargan in 742. The versions of the Zi al-Shah and the Zij al-Arkand largely 
depend on the drdhardtrika system developed by Aryabhata. But, despite al-Fazart’s 
importance, great confusion exists concerning both his and his father’s names and their 
works. 

In his valuable discussion of al-Fazari, Nallino (pp. 209-15) concludes that his name 
was probably Ibrahim ibn Habib, and that he made an astrolabe and wrote a 277 based 
on the Sindhind; Nallino is followed by Brockelmann (Suppl. I, 391) and Kennedy (No. 
2). Suter, on the other hand, speaks of two personalities: an Ibrahim ibn Habib (p. 3) 
who wrote various works and constructed an astrolabe, and his son Muhammad (pp. 
4-5) who was involved in the translation of the Sindhind. The confusion is due to the 
inaccuracies of the Islamic biographers and bibliographers and to the existence of 
several contemporaries bearing the name al-Fazari. There is, for instance, an Abii ‘Ab- 
dallah Muhammad ibn Ibrahim ibn Habib ibn Sulayman ibn Samura ibn Jundab 
al-Fazari (Fihrist, p. 79), who was reputed as an authority on geomancy, and a Muham- 
mad ibn Ibrahim al-Fazari (Fihrist, p. 164), who was a “slave poet”; but elsewhere 
(Fthrist, p. 273; cf. al-Mas‘udi, ων al-dhahab, 8, 290-91, and Ibn al-Qifti, p. 57) Ibn 
al-Nadim writes of an Abii Ishaq Ibrahim ibn Habib al-Fazari of the family of Samura 
ibn Jundab, who was the first in Islim to make a plane astrolabe and who wrote a 
Kitab al-qasida fi “ilm al-nujim (Poem on the Science of the Stars), a Kitab al-miqyas 
[δ 1-χαιυᾶϊ (Measurement of Noon), a Kitab al-zij ‘ala sini al-‘Arab (Astronomical Tables 
According to the Years of the Arabs), a Kitab al-‘amal bi *l-asturlab wa huwa dhat al-halag 
(Use of the Armillary Sphere), and a Kitab al-‘amal bi'l-asturlab al-musatiah (Use of the 
Plane Astrolabe). These seem to be son and father respectively. 

But Ibn al-Qifti (p. 270) says of Muhammad ibn Ibrahim al-Fazari that he was out- 
standing in the science of the stars, a speaker about future events, experienced in the 
tasyir of the planets, and the first in the Islamic religion, at the beginning of the ‘Abbasid 
dynasty, who was concerned with this subject; al-Fazari’s work on tasyir is referred to 
by Abt Ma‘shar as cited by Shadhan in his Mudhdkarat (see CCAG, 5,1;148). And the 
astronomer whose fragments are here collected is called Muhammad ibn Ibrahim al-Fazari 
by Ibn al-Adami (Frag. Z 1), by Sa‘id al-Andalusi (ed. p. 13, trans. p. 46, and ed. p. 60, 
trans. p. 117), and by al-Biriini (Frag. Z 15, 18, and 25 and Frag. Q 2). A reasonable 
solution to this problem of al-Fazari’s name would perhaps be to assume with Nallino 
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that only one person is referred to in the passages cited above but that, in the entry on 
the astronomer al-Fazari, Ibn al-Nadim or his manuscript tradition has omitted the 
“Muhammad θη’ with which the entry should have begun. 

This suggestion is strengthened by the fact that the later biographical tradition refers 
to him as Muhammad. Thus Yaqiit (Irshad, p. 268) gives a long genealogy of twenty- 
seven generations beginning with Muhammad ibn Ibrahim ibn Habib ibn Samura ibn 
Jundab. Yaqit further quotes al-Marzubani to the effect that Muhammad ibn Ibrahim 
al-Fazari al-Kifi was an expert on the stars; and Yahya ibn Khiilid al- Barmaki’s saying 
that four men were without equal in their specialties: al-Khalil ibn Ahmad, Ibn al- 
Mugaffa‘, Abu Hanifa, and al-Fazari; and Ja‘far ibn Yahya’s saying that he did not 
see more exceptional men in their fields than al-Kisai in grammar, al-Asma‘i in poetry, 
al-Fazari in the stars, and Zulzul in playing the lute. Yaqit adds that al-Fazari wrote 
“a gasida which raised up the abode of the 2z27’es of the astrologers; it is doubled and 
long, and fills with its commentary ten volumes (ajldd).’”” He then quotes the first lines. 
Al-Safadi (1, 336-37), who copies some of Yaqit’s note, quotes more of the gasida (Frag. 
Q 1): 

“Glory to Allah, the high and mighty, to whom are superiority and great grandeur, 
the most noble, the unique one, the magnanimous benefactor, the creator of the highest 
seven in order. The sun’s light brightens the darkness, and the full Moon’s light spreads 
to the horizon. The sphere, revolving in its course for the greatest of affairs, moves in 
one of the seas; on it the stars, all of them, are agents; and some of them are permanent, 
some transitory, and some rise, while others βού. 

Though this passage is not very illuminating with respect to the contents of al-Fazari’s 
works, we do learn from it that he was of an old Arab family from Kifa; that his name 
was Muhammad; and that his astronomical or astrological poem filled ten volumes. His 
dates can be determined by the statements of his biographers that he was the first 
astronomer in Islam, flourishing at the beginning of the ‘Abbasid dynasty (under 8]- 
Mansir according to al-Mas‘idi), and by Ibn al-Adami’s account (Frag. Z 1) of the 
embassy from Sind in 773 (but cf. Frag. Z 3); also, Frag. Z 23 can be dated ca. 790. 

However, there is one other datable story involving al-Fazari, that incidentally 
fits in with his renown as an astrologer. Al-Ya‘qibi (Kitab al-bulddn, p. 238) recounts 
that the time for beginning the construction of Baghdad was selected by Nawbakht 
al-munajjum and Mash@allah ibn Sariya; and al-Birtini (Chronology, ed. pp. 270-71, 
trans. pp. 262-63) gives the horoscope drawn up by Nawbakht, which can be dated 
30 July 762: 


Computation 

Horoscope (30 July 762) 
Saturn Aries 26; 40° retr. Taurus |° 
Jupiter Sagittarius Sagittarius 9 
Mars Gemini 2; 50 Gemini 6 
Sun Leo 8;10 Leo 10 
Venus Gemini 29;0 Cancer 2 
Mercury Cancer 26;7 Cancer 27 
Moon Libra 19;10 Libra 18 


Al-Ya‘qiibi goes on to say that the work was done “in the presence of Nawbakht, 
Ibrahim ibn Muhammad al-Fazari (sic/), and (‘Umar ibn al-Farrukhan) al-Tabari, 
the munajjimin, the masters of calculation.”’ 
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Of the works ascribed to al-Fazari, aside from the verses of the gasida translated above 
and Frag. Q 2, we apparently have fragments only of his Ztj al-Sindhind al-kabir and 
of his Zij ‘ala sini al-‘Arab. It is not easy to assign these fragments to one zi or the 
other; but we are clearly told that Frag. Z 6 and 15 come from the former, and more 
information about this ztj is contained in Frag. Ζ 1. It is also certainly true that Frag. 
Z 5 comes from the same source, and most probably all of the rest save for Frag. Z 10 
(perhaps) and 23. These last two, then, and a part of Frag. Z 2 provide all the information 
available to us about the Zi) ‘ala sini al-“Arab. 

The Zij al-Sindhind al-kabir was, of course, closely connected to the Zij al-Sindhind 
translated from Sanskrit at the court of al-Mansiir—according to Ibn al-Adami, by 
al-Fazari himself. But it was an extremely eclectic work, as were most early Islamic 
zij’es. Though the mean motions were indeed derived from the Sindhind (Frag. Z 4 and 
5; ef. Frag. S 1), as were also the rules for computing the equations (Frag. Z 15 and 16; 
ef. Frag. S 2), and much of the geographical material (Frag. Z 17, 19-21, and 24; cf. 
Frag. S 3), the equations of the planets were taken from other sources—most notably, 
the Zij al-Shah (Frag. Z 11-14); a Persian source disguised as Hermes is discerned also 
(Frag. Z 17 and 18). And there is great inconsistency in the text. Three values of R are 
used; 3,270 (Brahmasphutasitddhania) in Frag. Z 12 and 16; 150 (Zt al-Shah and Zi) 
al-Arkand) in Frag. Z 11, 13, 15, and 25; and 3,438 (Paitamahasiddhanta and Aryabhatiya) 
in Frag. Z 12 and S 3. Moreover, the maximum equation of the Sun according to the 
various formulas given by al-Fazari can be: 2;11,15° in Frag. Z 11 and 12, or 2;14° 
(Zij al-Shah) in Frag. Z 16. 

The fragments collected here are those to which al-Fazari’s name is attached, and a 
few in which the Stndhind only is mentioned, but which present material closely con- 
nected with one or several of al-Fazari’s genuine fragments. The commentary contains 
references to those other passages, in so far as they have been discovered, which attribute 
similar theories or methods to the Sindhind or to the Indians. But there are many other 
quotations from various Zijat al-Sindhind; these have been omitted here as they may 
refer to the original translation from the Sanskrit (cf. Frag. S 1 and 2), to the Sindhind 
al-saghir (cf. Frag. S 3), to the Zt al-Sindhind of al-Khwairizmi, or to other works of 
the same title. It is, of course, almost inevitable that al-Fazari’s zij contained material 
on the Greek-letter phenomena, on the New Moon, and on solar and lunar eclipses, 
and there is much information about these problems in Sindhind sources; but they have 
been omitted here as it is not absolutely certain in what form they appeared in al-Fazari’s 
work. 


Z 1. Ibn al-Adami, Nazm al-‘igd, quoted by Ibn al-Qifti, pp. 270-71 (cf. p. 266), 
and by Sa‘id al-Andalusi, ed. pp. 49-50, trans. pp. 102-103. 

Al-Husayn ibn Muhammad ibn Hamid, who is known as Ibn al-Adami, in his large 
zij called Nazm al-‘igd (Nizam al-‘iqd in Sa‘id), says that, in the year 156 (2 Dec. 772-20 
Nov. 773), there came to the Caliph al-Manstir (755-775) a man from India, an, expert 
in the calculation (h1s&b) called al-Sindhind, concerning the motions of the planets 
(nujum). He also had with him, in a book consisting of 12 (“a number of” in Ibn al-Qifti) 
chapters, equations (ta‘ddil) made according to kardaja’s calculated for each half degree, 
together with various operations on the sphere for the two eclipses (i.e. solar and lunar), 
the ascensions of the signs, and other things. He said that he had abridged the kardaja’s 
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attributed to the king among kings (1.6. Maharaja) of the Indians named Fiyaghra 
(“Qabaghra”’ in Sa‘id; i.e. Vyaghramukha); they were calculated to the minute. 

Al-Mansir ordered the translation of this book into Arabic, and that there should be 
written from it a book which the Arabs might use as a basis for the motions of the planets 
(kuwaktb). Muhammad ibn Ibrahim al-Fazari was put in charge of this; and he made 
of it a book which the astronomers called al-Sindhind al-kabir. By sindhind they mean in 
the Indian language (i.e. Sanskrit) “eternity” (al-dahr al-dahir). Most of the people 
of that time used it until the days of the Caliph al-Ma’miin (813-833). Abii Ja‘far Muham- 
mad (om. Sa‘id) ibn Musa al-Khwarizmi abridged it for him, and made of it his zi7 which 
is famous in the cities of Islam. In it he relied on the mean (motions) of al-Sindhind, 
but differed from it in the equations and the declination. He made the equations accord- 
ing to the opinion of the Persians, and the declination of the Sun according to the 
opinion of Ptolemy. 


COMMENTARY 


This story of the transmission of the Zij al-Sindhind to Baghdad has been discussed 
in “The Fragments of the Works of Ya‘qib ibn Tariq,” JNES, 26 (1968), pp. 97-125 
(for the date of the delegation cf. also al-Hashimi 95v:3). In that article it has been 
established that the Sanskrit work in 12 (2) chapters, while based on the Brahmasphuta- 
siddhanta written by Brahmagupta in 628 at Bhillamala under the Capa monarch 
Vyaghramukha, was a later text probably entitled Mahdsiddhanta which incorporated 
certain modifications of the Brdhmasphutastddhanta. The calculation of tables in which 
the interval between entries in the column of arguments (kardaja’s) is 0;30° (see also 
Frag. Z 2) is redolent more of Ptolemy’s table of chords (Syntazis 1,11) than of any of 
the Indian siddhanias, in which the kardaja is normally 3;45° or a multiple thereof 
(though Brahmagupta’s Dhydnagrahopadesddhydya (47-56) uses a naksatra or 13;20°); 
Al-Hashimi (115r:2) states that the Sindhind has only one kardaja. The table in which 
the kardaja’s were calculated to the minute might possibly be that in Braéhmasphutas- 
iddhanta 2,2-9, wherein R = 3,270 minutes; otherwise it makes little sense. 

Sindhind (i.e. stddhanta) is also translated thus by al-Ya‘qibi (J'a’rikh, 1, 84) among 
others, and it is rendered by al-Hashimi (95v:7) as meaning “forever and ever’’ (abad 
al-abad), while al-Birtini (India, ed. p. 118, trans. Vol. 1, p. 153) says that it signifies 
“that which is straight and is not crooked or changing”’; further references will be found 
in Nallino (p. 204). In fact, it means ‘“‘the perfected (book).” 

For the identity of al-Khwarizmi’s equations with those of the Zij al-Shah of Yazdijird 
III, see the commentary on al-Hashimi (95r:21-95v:3); but al-Fazari had already started 
this (see Frag. Z 2 and 11-14). For his use of Ptolemy’s (really Theon’s) value for the 
obliquity of the ecliptic, see Neugebauer, pp. 96-97. 


Z 2. Al-Hashimi 95v:17-96r:14. 

As for al-Fazari, he took the cycles which were mentioned by the Indians, (using) a 
four-hundredth part (of an hour). He mentioned it, and put it at the beginning of his 
book, (Zij al-Sindhind) al-kabir; then he mentioned the statement (concerning) the one 
two-hundredth part. 

But when he saw the Sindhind, and the people’s need for it, and the length of its 
operations in multiplication and division, and the tedious nature of the computations, 
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he abridged it in a chapter (bab), in which no one had preceded him. He expressed the 
cycles in sexagesimals, and so organized it in (sexagesimal) places (bab). He extracted 
from them the motions of the planets in (saura) days, from (one) day up to 60 days. 
He extracted the mean planetary positions from these days, because he divided the 
cycles of each planet by 60 and set the remainder which did not contain 60 in another 
(sexagesimal) place until he arrived finally by this method at his objective. He said: 
it is imagined that each planet rotates in the heaven one (integer number of) rotation(s) 
during all the days of the (world-)year; and the number of (sexagesimal) places which 
came out for him from his division—such as degrees, minutes, and seconds—is named 
for the last place among the digits of this division, and its place according to the name 
of the fraction which is at its place. | 

Then he performed operations with the cycles, operations which are related to those 
which come out of these operations; and no one preceded him in this subject. He com- 
posed a treatise for each section in astronomical calculation, explaining in it these 
difficulties. Then (he wrote) a treatise about the operation; and it is said that no one in 
his time was his equal in (the domain of) Islim. This book was the last book he composed, 
as is said, because he classified many zi7’es, Arabic and Persian. 

He put in his zij shortened tables; and he divided (the arguments of) the sine, the decli- 
nation, and the equation (tables) according to half-degrees, according to their magnitudes 
among the Persians, as a matter of convention, not for the sake of amelioration. He set 
up the equation (tables) of his zij according to the Persian division in their equation 
(tables), but (he put) the apogees and nodes according to the Sindhind. 


CoMMENTARY 


With this whole passage compare the discussion of the Stndhind in al-Mas‘idi (Tanbih, 
ed. pp. 220-23, trans. pp. 293-96). For the year-length—6,5;15,30;22,30 days—see 
Ya‘qub Frag. Z 1, and al-Hashimi (95v:4—5 and 109v:14-16), who ascribes it to the 
Stndhind; cf. also the table on f. 9 of Esc. Ar. 927. It is another expression of the fact 
that 4,320,000,000 sidereal years equal 1,577,916,450,000 days, for which see Frag. Z 5 
and δ], al-Ya‘qubi (Tarikh, 1, 86-87), and The Thousands of Abi Ma‘shar (pp. 30-34). 
The fraction 1/200 in place of 1/400 gives a year of 6,5;15,30,45 days, or 1,577,916,900,000 
days in a kalpa; see also al-Hashimi (95v:7-9). Abraham ibn Ezra (p. 75) erroneously 
ascribes to the Sindhind a year of 365} days and } hour (= 6,5;15,30 days). 

The second paragraph refers to a work in which al-Fazari gave tables of the mean 
motions of the planets for 1 to 60 saura days; 1,0 to 6,0 saura days (6,0 saura days 
equal one year); 1 to 60 years; and 60 to some unknown multiple of 60 years. For the 
details of his computation, see the commentary on al-Hashimi (95v:19-96r:14). Assuming 
that this second 277 is the 22 ‘ala sini al-Arab, it must have contained tables for con- 
verting Sindhind dates into Hijra dates; see Frag. Z 9, al-Hashimi 134r:18-134v:14, 
and Sa‘id al-Andalusi (ed. p. 60, trans. p. 117). Al-Mas‘tidi (Tanbih, ed. p. 199, trans. 
pp. 266-68) lists al-Fazari with al-Farghani, Yahya ibn abi Mansir, al-Khwarizmi, 
Habash, Mash@’allah, Muhammad ibn Khalid al-Marwarridhi, Abii Ma‘shar Ja‘far 
ibn Muhammad al-Balkhi, Ibn al-Farrukhan al-Tabari, al-Hasan ibn al-Khasib, Muham- 
mad ibn Jabir al-Battani, al-Nayrizi, “and others’ as having referred to the eras of 
Nabonassar, Philip, the Hijra, and Yazdijird. 
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On the use of intervals of 0;30° in the column of arguments, see Frag. Z 1. For al- 
Fazari’s use of the equations of the Zt) al-Shah, see Frag. Z 11-14; but for his adherence 
to the Sindhind positions of the apogees and nodes, see Frag. Z 5. 


Z 3. Al-Birtni, India, ed. pp. 351-52, trans. Vol. 2, p. 15. 

It is one of the conditions of a kalpa that in it the planets, with their apogees and 
nodes, must unite in 0° of Aries, i.e. in the point of the vernal equinox. Therefore, 
each planet makes within a kalpa a certain number of complete revolutions or cycles. 
These revolutions of the planets, as known through the Zij(es) of al-Fazari and Ya‘qutb 
ibn Tariq, were derived from an Indian who came to Baghdad as a member of the 
political mission which Sind sent to the Caliph, al-Mansir, in a.4.154 (24 Dec. 770-12 
Dec. 771). If we compare these secondary statements with the primary statements of 
the Indians, we discover discrepancies, the cause of which is not known to me. Is their 
origin due to the translation of al-Fazari and Ya‘qib? or to the dictation of that Indian? 
or to the fact that afterwards these computations have been corrected by Brahmagupta, 
or someone else ? 


COMMENTARY 


This is Frag. Z 5 of Ya‘qub; cf. also al-Hashimi (93v:14-18), al-Ya‘qibi (Ta’rikh, 
1, 86), Abraham ibn Ezra (pp. 88-89), and The Thousands of Abt Ma‘shar (pp. 33- 
34). 


Z 4. Al-Birtni, India, ed. p. 356, trans. Vol. 2, pp. 18-19. 

We meet in this context (i.e. the difference between a caturyuga of 4,320,000 years 
and a kalpa of 4,320,000,000 years) with a curious circumstance. Evidently al-Fazari 
and Ya‘qib sometimes heard from their Indian master to this effect, that his calculation 
of the revolutions of the planets was that of the great Siddhanta, while Aryabhata reck- 
oned with a one-thousandth part of it. They apparently did not understand him properly, 
and imagined that dryabhata (arjabhad) means “‘a thousandth part.” 


COMMENTARY 


This if Frag. Z 6 of Ya‘qib. The 22 al-Sindhind al-saghir seems to have used a 
caturyuga instead of a kalpa; see Frag. S 3. 


Z 5. Al-Birini, India, ed. pp. 352-53, trans. Vol. 2, p. 16 (cf. ed. pp. 354-55, trans. 
Vol. 2, pp. 17-18). (I have rearranged the table.) 


COMMENTARY 


See the commentary on Frag. Z 1 of Ya‘qib; these parameters are ascribed to the 
Sindhind by al-Hashimi (104r:16-105v:8; cf. 107v:23—108r: 23). See also The Thousands 
of Abi Ma‘shar (pp. 31-37). For the motions of the apogees and nodes in the Sindhind, 
see al-Hashimi (114v:5-7; see also 117r:23-117v:2), al-Biriini (Chronology, ed. p. 9, 
trans. p. 11), and Abraham ibn Ezra (pp. 77-78 and 109). The motion of the fixed stars 
equals the Ptolemaic value of precession—1° every 100 years. 
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Planets Brahmagupta al-Fazari 

Sun 4,320,000,000 4,320,000,000 
Its apogee 480 480 
Moon 57,753,300,000 57,753,300,000 
Its apogee 488,105,858 488,105,858 
Its node 232,311,168 232,312,138 
Mars 2,296,828,522 2,296,828,522 
Its apogee 292 292 
Its node 267 267 
Mercury 17,936,998,984 17,936,998,984 
Its apogee 332 332 
Its node 521 521 
Jupiter 364,226,455 364,226,455 
Its apogee 855 855 
Its node 63 63 
Venus 7,022,389,492 7,022,389,492 
Its apogee 653 653 
Its node 893 893 
Saturn 146,567,298 146,569,284 
Its apogee 41 4] 
Its node 584 584 
Fixed stars 120,000 


Z 6. Ibn Masrir f. 47. 
The mean (motions) are extracted from their (the planets’) revolutions in the world- 
years, elevated to years after years, as was done by al-Fazari in the Sindhind al-kabir. 


CoMMENTARY 


This fragment indicates that al Fazari, in his Zij al Sindhind al-kabir as well as in 
his Zij ‘ald sini al-“Arab (see Frag. Z 2), tabulated the mean motions of the planets 
year by year, and therefore presumably month by month and day by day. What number 
of collected years he may have used can only be guessed at; Ya‘qib (Frag. Z 1) used 
10. 


Z 7. Al Hashimi 97r:1-3. 

He (Abii Ma‘shar) (also) put in it (the Zi al-hazdrat) a chapter on the altitude and 
depression of the heaven(s), but it does not agree with what was mentioned about it 
by Theon and Yahya ibn abi Mansir, nor what was done about it by al-Fazari and 
Habash, nor what is mentioned in the Arkand. 


CoMMENTARY 


This probably refers to the matter of planetary distances, which is dealt with by 
Ya‘quib (Frag. T 1-3); see also Frag. S 3 below and The Thousands of Abi Ma‘shar 
(p. 56). 


Z 8. Al-Birini, India, ed. pp. 360-61, trans. Vol. 2, p. 23. 

As regards adhimdsa (adimasah), the word means “the first month,” for ddt means 
“beginning.” In the books of Ya‘qib’ ibn Tariq and al-Fazari this name is written 
padamasah (read malamdsah, for Sanskrit malamdasa). Pad means “end,” and it is 
possible that the Indians call the leap month by both names; but the reader must be 
aware that these two authors frequently misspell or disfigure the Indian words, and 
that there is no reliance on their tradition. 
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CoMMENTARY 
This is Frag. T 5 of Ya‘qib. 


Z 9. Al-Birtini, India, ed. p. 128, trans. Vol. 1, p. 165. 

Al-Fazari in his 277 uses the word pala in place of a minute of the days; I have not 
found this meaning for it in the books of the nation (of Indians), but they use it in 
the sense of “correction” (ta‘dil). 


COMMENTARY 


The word pala in Sanskrit astronomical texts is one of the normal terms for a minute 
(= sixtieth) of a ghattkd; the latter is a sixtieth of a nychthemeron. The Sanskrit word 
signifying “‘correction”’ or “equation” is phala. Al-Biriini is not displaying an advanced 
knowledge of jyotihsdstra in this passage. 


Z 10. Al-Hashimi 100r: 4-6. 

For anyone who wants that determination (I mean of the base), and what I have 
presented, verily the best of tables for this purpose is the Muwjarrad Table, made up for 
210 years. Indeed, al-Fazari and Habash and Abii Ma‘shar put it in their z7y’es. 


COMMENTARY 


Al-Fazari’s use of the Mujarrad Table for determining the week-day in the Arabic 
calendar supports the conjecture that he, and not his father, was the author of the 
Zij ‘ala sini al-‘Arab. The Mujarrad Table is found in both of the zij’es of Habash 
(Yeni Cami 784 f. 86v and Berlin 5750 f. 16; ef. al-Biriini, Chronology, ed. p. 198, trans. 
p. 179), and in the Zi al-mumtahan of Yahya ibn abi Mansir (Esc. Ar. 927 f. 18). The 
table is, of course, simply the normal Arabic 30 year cycle of 10,631 days multiplied 
by 7. But Yahya intercalates in the second, fifth, seventh, tenth, thirteenth, sixteenth, 
eighteenth, twenty-first, twenty-fourth, twenty-sixth, and twenty-ninth years of every 
30-year period, while Habash intercalates in the third, sixth, eighth, eleventh, thirteenth, 
sixteenth, nineteenth, twenty-first, twenty-fourth, twenty-seventh, and thirtieth. It is 
Yahya’s pattern which is followed by al-Khwarizmi (see NO 2795 f. 65v); therefore, I 
assume that it was the pattern of al-Fazari, and transcribe Yahya’s Mujarrad Table (see 
facing page). 


Z 11. Al-Birini, On Transits, 24:17-25:3. 

As for the amount ascribed to the Sindhind, with Yas‘a al-Ma’miini’s addition to it, 
it (the maximum equation of the Sun) is 2;11°. It is this that al-Fazari made use of in 
subtracting from the sine of the argument of the Sun (an eighth) of it, and in doubling 
the sine of the argument of the Moon to obtain their equations. And thus the maximum 
equation of the Sun comes out equal to 2;11,15°, and that of the Moon equal to 5°; 
and that is as though the total sine were 150 minutes. 


CoMMENTARY 
Yas‘ al-Ma°miini seems to be an error; but the procedure ascribed to al-Fazari is 
all right, as: 
150 x % = 1314 = 2;11,15°, 
and 
150 x 2 = 300 = 5°. 
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Y D Y D Y D Y D Y D Y D Y DM D 
1 6 31 4 61 2 91 7 121 5 151 3 181 1 al-Muharram 0 
2 3 32 1 62 6 92 4 122 2 152 7 182 65 = Safar 2 
3 1 3383 6 63 4 93 2 123 ἡ #158 5 183 3 Rabi‘ al-awwal 3 
4 ὃ $34 3 64 1 94 6 124 4 164 2 184 ‘7 Reabi‘ al-Aékhar 5 
δι ὁ 35 7 65 65 9 3 125 1 155 6 185 4° Juméda al-ila 6 
6 7 36 5 66 3 96 1 126 6 156 4 186 2 £xJuméadé al-ukhra 1 
7 4 $37 #2 67 7 97 ὅ 127 3 157 11 187 6. Rajab 2 
8 2 38 7 68 5 98 3 128 1 158 6 188 45 Sha‘ban 4 
9 6 39 4 69 2 99 7 128 5 159 3 189 11 £ Ramadan 5 

10 3 40 1 7 6 100 #4 180 2 160 ἡ 190 #5 = Shawwil 7 

1l 1 41 6 #71 4 #101 #2 1811 #7 «161 #5 #191 «38 Dh al-Qa‘da 1 

12 5 42 3 72 1 102 6 4132 4 162 2 192 7 += Dhi al-Hijja 3 

13 2 48 7 7 656 108 #3 1133 1 13 6 1938 4 

14 7 44 ὃ 74 3 #=104 #1 134 6 164 4 194 2 

15 4 45 2 75 7 #1058 5 185 3 6 11 195 6 

16 1 46 6 76 4 106 2 1386 ἡ 166 5 196 8 

17 6 47 4( #477 2 107 1 «187 δ 167 #38 197 #1 

18 3 48 1 78 6 108 4 1388 2 168 7 #198 ὅ 

19 1 49 6 79 4 109 2 189 #7 #169 5S 1199 36 

20 5 50 3 80 1 110 6 140 4 170 2 200 7 

21 2 51 7 81 #5 =I11 88 14] l 171 6 201 4 

22 7 & 5 82 3 #112 1 142 6 172 4 202 2 

233 4 538 2 838 7 4118 5 148 #3 #178 1 2083 6 

24 1 54 6 84 4 4114 %2 144 ἡ 174 5 204 8 

25 6 55 4 85 2 115 7 145 5 175 3 205 #1 

26 3 56 1 86 6 116 4 146 2 176 ἡ 906 «5 

27 1 57 6 87 4 11 #2 147 #7 11 ὃ 20 8! 

28 5 58 3 88 1 118 6 148 4 178 2 208 7 

299 2 59 7 g98 5 4119 8 149 #1 179 6 209 4 

30 7 60 5 90 3 #=120 1 150 6 £1860 4 210 2 

a 1 ms. b 2 ms. c 1 ms. d 5 ms. e 3 ms. f 2 ms. 


Cf. Frag. Z 12, 13, and 15. Al-Jayhani, quoted by al-Biriini (On Transits 23:17-24:1), 
says that the maximum equation of the Sun in the Zi al-Sindhind is 2;10,46,40°; cf. 
the 2;10,31° of the Pattamahasiddhanta (see the commentary on Frag. Z 7 of Ya‘qiib). 


Z 12. Al-Biritini, On Transits 25:9-17. 

And there was mentioned in some of the books a story about al-Fazari regarding the 
equation of the Sun, where he multiplies the sine of its argument in the kardaja’s of 
the Sindhind by 105 and divides the product by 2,616; and that in the kardaja’s of 
Aryabhata by 7 and divides the product by 180. In the case of the equation of the 
Moon he multiplies the sine of its argument in the kardaja’s of the Sindhind by 10 and 
divides the product by 109 (read tis‘a for the text’s sab‘a); and that in the kardaja’s of 
Aryabhata by 10 and divides the product by 116 (ed. has 117). 


COMMENTARY 


R for the Sindhind, as is noted by al-Birtini (On Transits 27:1-3), is the same as in 
Brahmagupta’s Brahmasphutastddhanta (2,5)—namely, 3,270 (see Frag. Z 16); then its 
maximum equations of the Sun and Moon, according to al-Fazari’s rule, will be: for the 
Sun: 


3270 x τς = 1314 = 2;11,15°, 
and for the Moon: 


3270 x 72; = 300 = 5°. 
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These two values are precisely equivalent to those in Frag. Z 11. Al-Fazari’s formula for 
computing the equation of the Sun is also given precisely in the form it has here in 
al-Biriini’s Rasa‘tl 1, p. 133, with an example in which the sine of the Sun’s argument is 
1,635; 1,635 is the eighth sine in Brahmagupta’s table, corresponding to an are of 30°. 
The values 2;11,15° and 5° are not the values of the Pattémahasiddhanta, the 
Braéhmasphutasiddhanta, or the Zij al-Shah; see the commentary on Frag. Z 7 of Ya‘qib. 

The second part of these rules indicates that al-Fazéri had some knowledge of a work 
of Aryabhata; and in the Aryabhatiya R = 3,438. Then, for the Sun: 


3438 x τίς = 18375 = 2513,42°; 
and for the Moon: 
3438 x τε = 29644 ~ 4;56,23° 
In all cases, since it is assumed that 


circumference of the epicycle 


Enax -- R x 360° 


we can easily compute the underlying values of the circumferences of the epicycles. 
These are: 


Al-Fazari Aryabhata 
Sun 1448, ~ 14;97° 14° 
Moon 33735 ~ 33;1,50° 3135 ~ 31;2° 


In fact, the circumferences of the epicycles of the Sun and Moon according to the Aryab- 
hatiya (Dagagitika 8) are 13:30° and 31;30°; the first of these would have yielded the 
formula: | 


Emax = 3438 x εἶ, 
and the second: 
Eynax = 3438 x 35. 


Since al-Fazari does not use the fractions 3; and εἷς, it is clear that he did not use the 
Aryabhatiya; rather, he started with the values for the circumferences of the epicycles 
14° and 31° (the fraction τῆς represents an approximation). Precisely these values are 
found in the drdharatrika system of astronomy which Aryabhata developed in a lost. 
work, and it is from Aryabhata’s lost work, then, that al-Fazari has derived his rules. 
However, it is not absolutely necessary to assume that he also found the value R = 3,438 
in this lost work of Aryabhata. 


Z 13. Al-Birini, On Transits, 30:19-31:5. 

And the rule of al-Fazari is proportional to these quantities. He suggests in the case 
of Saturn to multiply the sum of the sine (of the argument) and its tenth and (one third 
of its tenth and) one-sixth of its tenth by 3; and for Jupiter to double the sun of the 
sine and one-fifth of its tenth; and for Mars to multiply the sum of the sine and its 
tenth and a sixth of its tenth by 4; and for Venus to diminish from the sine one-tenth 
of it; and for Mercury to add to the sine three-fifths of it. 
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CoMMENTARY 
These rules for obtaining the equations of the center, like those in Frag. Z 11 and 15, 
employ the value R = 150. The maximum equations of the planets then are: 


Saturn (150 + 482 + 482 + 487) x ὃ = 8;37,30° 


Jupiter (150 + 422) x 2 = 5;6° 
Mars (150 + 459 + 15°) x 4 =11;10° 
Venus (150 — 48°) = 2;15° 
Mercury (150 + #82) = 4° 


For these values of the maximum equations, see the commentary on Frag. 2 7 of Ya‘quib. 
The rule for Venus is applied to the Sun by al-Hashimi (119r:12-14), and the resulting 
equation (E,,,, = 2;15°) ascribed to the Zij al-Shah and the Zij al-Sindhind; cf. Frag. Z 
16. 


Z 14. Al-Biriini, On Transits 54:5-14. 

In the Zij al-Shah it (the maximum equation of the anomaly) is 5;44° for Saturn, .. . 
for Jupiter 10;52°,... for Mars 40;31° (ed. has 41;30°), ... for Venus 47;11°... and 
for Mercury 21;30°.... But al-Fazari and al-Khwarizmi have them like what is in the 
Zij al-Shah, since it is the Indian way. 


COMMENTARY 
See the commentary on Frag. Z 8 of Ya‘qib. 


Z 15. Al-Birtini, Ras@tl 1, p. 120. 
On the explanation of the equation by computation, Muhammad ibn Ibrahim al-Fazari 
in the Zij al-Sindhind al-kabir (al-kathir in the ed.). 

He says: ‘“‘We multiply the sine of the argument by ¢ of the base (asl) and divide the 
product by 60; there results the side (di‘). We multiply the cosine of the argument by ἕ 
of the base (asl) and divide the product by 60; we add the result to R if the argument 
is less than a quadrant, but subtract it from R (if the argument is greater than a quad- 
rant). This sine of addition or subtraction is a side (di‘) for it (the triangle).”’ The 
operation proceeds as we have described according to the opinion of al-Bustani and 
al-Hashimi; it is exactly identical and does not differ at all. Therefore we substitute for 
the remainder what was said here. 


COMMENTARY 


The method of the Stndhind according to al-Bustani (al-Battani?) and al-Hashimi 
will be found in Frag. S 2; see Kennedy and Muruwwa (p. 116). The only difference 
between that method and this one is that al-Fazari substitutes ὃ x εἰς = zo for 


1/R; see al-Birtini (Rasa 1, pp. 156-57). This demonstrates that R = 150 in at least 
some passages of the Zij al-Sindhind al-kabir; cf. Frag. Z 11, 13, and 25. 


Z 16. Al-Biriini, Rasa@il 1, pp. 177-78. 

As for what we said on the authority of al-Fazari, R in the kardaja’s of al-Sindhind 
is 3,270, and its ratio to 134 which are the minutes of the maximum equation (of the 
Sun) is like the ratio of 1,635 to 67. According to this ratio is set down the ratio of the 
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sine of the argument to its equation in principle, not in fact as his words indicate. If 
it were, one would instruct one to multiply the sine of the argument in these kardaja’s 
by 134 or by 67 and to divide the product by 3,270 or by 1,635, so that, according to 
this principle and basis, the equation should result. 


COMMENTARY 


It appears from this that al-Fazari used the common rule: 


maximum equation 


R 


at least in computing the solar equation. The formula (the ‘“‘method of sines’’) and the 
value for the maximum equation (2;14°) occur in the drdharatrika system and in the 
Zij al-Shah; al-Fazari has simply thrown in the Bréhmasphutasiddhanta’s value of R. 
This passage, of course, contradicts Frag. Z 11 and Z 12. But, that the maximum 
equation of the Sun equals 2;14° according to the Indians is stated by Abraham ibn Ezra 
(p. 78); cf. also al-Hashimi cited in the commentary on Frag. Z 13, who takes it to be 
2;15°. 


equation = sine of argument x 


Z 17. Al-Birtini, Tahdid nihdyat al-amakin, ed. pp. 211-12, trans. p. 177. 

However al-Fazari has mentioned in his 277 that the Indians consider the circum- 
ference of the earth to be 6,600 farsakh’s, where a farsakh is 16,000 cubits. He mentioned 
also that Hermes considered it to be 9,000 farsakh’s, where a farsakh is 12,000 cubits. 
So the share of one degree out of 360°, according to the Indians, is 184 farsakh’s; if 
each of them is three miles, then one degree would be equal to 55 miles, where each mile 
is 5,3334 cubits. But, according to Hermes, it would be 25 farsakh’s which are equa! 
to 75 miles, where each mile is 4,000 cubits. Then al-Fazari claimed that some sages 
estimated each degree to be equivalent to 100 miles, and hence their estimate of the 
circumference of the earth would be 12,000 farsakh’s. 


COMMENTARY 


That the circumference of the earth is 6,600 farsakh’s (which equal 3,300 yojana’s) 
is stated (in yojana’s) by Lalla (Sisyadhivrddhidatantra I 1,56; see also Frag. S 3); 
Aryabhata (Daséagitika 5) gives it as 3,298 yojana’s. The latter value has been traced 
through the Zij al-Sindhind al-kabir and the Zij al-Sindhind al-saghir (see Frag. S 3) 
to the Bhigoladhydya (1) of the Mahdsiddhanta (1) (see Frag. T 1-2 of Ya‘qiib). The 
value 3,300 (= 6,600) here attested for al-Fazari, then, is probably a rounding; but 
al-Ya‘qubi (T’a’rikh, 1, 85) says that, according to the Indians, the diameter of the 
earth is 2,100 farsakh’s, its circumference 6,300 (sic!) farsakh’s of which each one equals 
16,000 cubits. 

Hermes’ 9,000 farsakh’s equal 108,000,000 cubits or 270,000 stadia. I do not know of 
another occurrence of exactly this value, but it lies between Archimedes’ 300,000 stadia 
and Eratosthenes’ 250,000 (see Bunbury, 1, 620-21). On al-Faziri’s use of Hermes, see 
Frag. Z 18. 


Z 18. Yaqut, Mu‘jam, ed. vol. 1, p. 27, trans. p. 42. 
Abi al-Rayh4n (al-Biriini) said: “Hermes upheld this (Persian) division (of the in- 
habited world into 7 kishwars), according to that which Muhammad ibn Ibrahim 
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al-Fazari attributed to him in his ζῇ). Since Hermes was one of the ancients, it appears 
that in his time no other division was used; otherwise, matters pertaining to mathe- 
matics and astronomy were more particularly within the province of Hermes.’ Abi 
al-Rayhan continued: “al-Fazari added, ‘each kishwar is 700 farsakh’s by 700 farsakh’s.’”’ 


COMMENTARY 


This quotation from al-Birini, like Frag. Z 17, demonstrates al-Fazari’s use of a 
Persian source which passed under the name of Hermes. There are many descriptions of 
the kishwar’s; for brevity’s sake I refer only to al-Birtini (T'afhim, p. 142, and Tahdid, 
ed. pp. 135-36, trans. pp. 101-102). It should be noted that Ibn al-Fakih (p. 7) reports: 
‘‘Hermes asserts that the length of each clime is 700 farsakh’s by 700’; the same dimen- 
sions for each clime are attributed to the Indians by al-Ya‘qubi (Ta’rikh, 1, 85). 


Z 19. Al-Birtini, Tahdid nihayat al-amakin, ed. p. 157, trans. p. 121. 

When a comparison was made between the two systems (i.e., eastern and western), 
it was found that the longitude of one and the same place, as determined by the easterners, 
exceeds the supplement of its longitude, as determined by the westerners, by 10°. 
Al-Fazari assumes in his 277 that the difference is 13;30°. 


COMMENTARY 

According to Frag. Z 20, al-Fazari places the longitude of Barah at 190;50° East of 
the Western Isles; the difference, then, between his longitudes and those of Ptolemy 
should be 10;50° rather than 13;30°. Evidently, the manuscript of either the Tahdid 
or the Qaniin is erroneous, or else al-Birtini’s knowledge of al-Fazari’s zij has improved 
between the composition of the Tahdid in 1025 and that of the Qanin in 1031. The latter 
explanation seems the better, as al-Biriini only displays an extensive acquaintance with 
al-Fazari in his later works. 


Z 20. Al-Biriini, Al-Qaniin al-Mas‘tdi, 2, 547. 
Localities along the equator, possessing no latitude. 
1. The island Lanka (lanka), called in books the Cupola of the earth. 


Long. 100; 50° Lat. 0;0° 
2. Tarah (read Barah), which al-Fazari and Ya‘qib ibn Tariq mention. 
Long. 190; 50° Lat. 0;0° 


3. Yamakoti (yamkut) at the Eastern extremity, which is called Yamkard (jamakard) 
according to the Persians; there is no building beyond it according to the Indians. 


Long. 190;0° Lat. 0;0° 


COMMENTARY 


This is Frag. Z 3 of Ya‘qub. The Sindhind, according to al-Hashimi (93v:8-14), 
seems to have placed Barah 90° East of the Cupola of the earth (on the meridian of 
Ujjain), which in turn lay 90° East of Thule (bla) in the Green Sea; cf. also The Thousands 
of Abé Ma‘shar (p. 45). 
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Z 21. Al-Birwtni, India, ed. p. 259, trans. Vol. 1, pp. 303-304. 

Yamakoti is, according to Ya‘qub and al-Fazari, the country where is the city Tarah 
(read Barah) within a sea. I have not found the slightest trace of this name (i.e. Barah) 
in Indian literature. As koti means ‘‘castle’’ and Yama is the angel of death, the word 
reminds me of Kangdiz, which, according to the Persians, had been built by Kayka‘us 
or Jam in the most remote East, behind the sea. 


: COMMENTARY 
This is Frag. Z 4 of Ya‘qub. 


Z 22. Al-Hamdani, 1, 45. 

The latitude of Makka according to al-Fazari is 233 degrees, ...and its longitude 
according to al-Fazari is 116° from the East....Al-Fazari says that its (Madina’s) 
latitude is 30° except for a fraction, and this is not found. And he says that the longitude 
of Bayt al-Maqdis (Jerusalem) is 127°, and its latitude 314 degrees. 


COMMENTARY 
This passage along with Frag. Z 20 indicates that al-Fazari included a table of the 
longitudes of famous cities in one of his zijes. 


Z 23. Al-Mas‘idi, Murij al-dhahab, 2nd ed., 2, 376-78. 

We think that we should finish this chapter with a summary of the extents of the 
kingdoms and of how close to or far from each other they are according to the calculation 
of al-Fazari, the author of a Kitab al-zij and of a Qasida fi hay’at al-nujim wa al-falak 
(Poem on the Forms of the Stars and of the Sphere). Strength is with Allah! 

Al-Fazari said that the administration of the Commander of the Faithful (extends) 
from Farghana and the furthest part of Khurasin to Tanja (Tangier) in the West 
<4)3,700 farsakh’s, and from the Bab al-abwab (Darband) to Judda (Jidda) 700 farsakh’s, 
and from the Bab to Baghdad 300 farsakh’s, and from Makka to Judda 38 miles. 

The administration of Sin (China) in the East 31,000 farsakh’s by 11,000 farsakh’s. 
The administration of Hind (India) in the East 11,000 farsakh’s by 7,000 farsakh’s. 
The administration of Tabbat (Tibet) 500 farsakh’s by 230 farsakh’s. 

The administration of the Kabul Shah 400 farsakh’s by 60 farsakh’s. 

The administration of the Tughuzghuz (Toghuzghuz or Toquz-Oghuz) among the Turks 

1,000 farsakh’s by 500 farsakh’s. 

The administration of the Turks by the Khaqan 700 farsakh’s by 500 farsakh’s. 

The administration of the Khazars and Alans 700 farsakh’s by 300 farsakh’s. 

The administration of Burjan (the Bulgars) 1,500 farsakh’s by 300 farsakh’s. 

The administration of Saqaliba (the Slavs) 3,500 farsakh’s by 700 farsakh’s. 

The administration of the Romans in Qustantiniya (Constantinople) 5,000 farsakh’s 
by 420 farsakh’s. 

The administration of Rimiya (Rome) of the Romans 3,000 farsakh’s by 700 farsakh’s. 

The administration of Andalus by ‘Abd al-Rahman ibn Mu‘aéwiya 300 farsakh’s by 80 
farsakh’s. 

The administration of Idris al-Fatimi 1,200 farsakh’s by 120 farsakh’s. 

The administration of the coast of Sijilmasa by the Bani al-Muntasir 400 farsakh’s by 

80 farsakh’s. 
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The administration of Anbiya 2,500 farsakh’s by 600 farsakh’s. 

The administration of Ghana, the land of gold, 1,000 farsakh’s by 80 farsakh’s. 

The administration of Waram 200 farsakh’s by 80 farsakh’s. 

The administration of Nakhla 120 farsakh’s by 60 farsakh’s. 

The administration of Wah 60 farsakh’s by 40 farsakh’s. 

The administration of Buja 200 farsakh’s by 80 farsakh’s. 

The administration of Nuba (Nubia) by al-Najashi (the Ethiopian king) in the West 
1,500 farsakh’s by 400 farsakh’s. 

The administration of Zanj in the East 7,600 farsakh’s by 500 farsakh’s. 

The administration of Istilaé by Ahmad ibn al-Muntasir 400 farzakh’s by 250 farsakh’s. 
In longitude (the inhabited world extends) 78,480 farsakh’s, in latitude 25,250 farsakh’s. 


COMMENTARY 

This is one of the earliest lists of countries in an Arabic source and clearly reflects the 
political situation of around 788. For ‘Abd al-Rahman ibn Mu‘awiya ruled Andalusia 
from 756 to 788; the Bani Muntasir, whom Nallino (p. 212) identifies with the Bani 
Midrar, began to reign at Sijilmasa in ca. 786; and Idris al-Fatimi ruled in Morocco from 
788 to 793. Moreover, the Kabul Shahs were driven from Kabul some time between 
775 and 809; and, if the Toquz-Oghuz are the Sha-t‘o Turks as suggested by Barthold 
(pp. 89-90) rather than the Uighurs (see Dunlop, p. 39), they were suppressed by the 
Tibetans in 790 (Pelliot, pp. 60 and 121). Therefore, if this fragment comes from the 
Zij al-Sindhind al-kabir, that work was written after Ya‘qib’s Tarkib al-aflak, which 
was probably composed in 777/78. Hence I conclude that the fragment most likely comes 
from al-Fazari’s other zij. This conjecture is supported by the fact that the dimensions 
given here outrageously contradict the circumference of the earth in Frag. Z 17 and 24. 


Z 24, Al-Biriini, India, ed. pp. 267-68, trans. Vol. 1, pp. 314-15. 

As for the calculation of the desdntara (dishantar: longitudinal difference) from the 
latitudes of two cities, al-Fazari teaches in his zij: “Add together the squares of the 
sines of the latitudes of the two cities, and find the root of the sum; this is the portion 
(hissa). Then square the difference between these two sines and add it to the portion. 
Multiply the sum by 8 and divide the product by 377; there results the ‘lofty’ (jaltla) 
distance between the two (cities). Then multiply the difference between the two latitudes 
by the yojana’s of the circumference of the earth, and divide the product by 360.” It 
is known that this is to convert the difference between the two latitudes measured in 
degrees and minutes into that measured in yojana’s. He says: “Subtract the square 
of the quotient from the square of the ‘lofty’ distance, and find the (square) root of the 
remainder; these are the straight yojana’s.” It is evident that this (latter) is the differ- 
ence between the meridians of the two cities on the circle of latitude; from this one 
knows that the “lofty” distance is the distance between the two cities. 


COMMENTARY 
As al-Biriini remarks, this procedure is erroneous, and I do not find such a method 
in Sanskrit texts. If the sine of the latitude of one city be denominated a, that of the 
other b, and the longitudinal difference c, the formula amcunts to: 


8 \? circumference\ 2 
2 _ ΟῚ 3 2. 12 _)} _ Σὲ ἘΞ τ anes 
6 = ((va +b? +a b*) x a7) [ω b) x ΞΟ ) 
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Since the term—(a — b) x circumference/360—represents the yojana’s of the distance 
between the points where the two parallels of latitude intersect a parallel of longitude, 
and since c is the yojana’s of distance between the points where the two parallels of 


longitude intersect a parallel of latitude, the first term—(V. a2 + b? + a? — b?) x 385 
—must be the yojana’s of direct distance between the two cities. But of course this 
direct distance has no relationship with the respective latitudes of the two cities, and 
the constant 38; (= 1:474) cannot be explained. The circumference of the earth, accord- 
ing to al-Fazari, is 6,597; farsakh’s; see Frag. Z 17 and S 3. 

In Brahmasphutasiddhanta 1, 36-37 (cf. also Mahabhaskariya 2, 3-4 and Frag. S 3) 
is found the following rule: ‘“The circumference of the earth is 5,000 (yojana’s). Multiply 
this by the difference between the latitudes, and divide (the product) by 360; the square 
of the longitudinal difference (desdntara) (from the prime meridian) is diminished by the 
square of that quotient. The daily progress (of the planet) multiplied by the square-root 
of the remainder and divided by the circumference of the earth is taken in minutes of 
arc; the result is negative to the east of the north-south line running through Ujjayini, 
positive to the west.’ Here the first value computed is parallel to the (a — b) x 
circumference 

360 
into minutes of arc; the desdntara, however, is computed from the difference in ghatika’s 
between the time of an eclipse computed for the prime meridian and the time of the 
same eclipse observed at one’s locality. 


of al-Fazari, and the final value is the ὁ of the previous formula converted 


Z 25. Al-Biriini, On Shadows, 51:9-52:19. 

And when one puts together the operations of the workers in this field about that, 
the routes they traveled and the numbers they put will not remain hidden, as is the 
case with Muhammad ibn Ibrahim al-Fazari, Ya‘qib ibn Tariq, Muhammad ibn Misa 
al-Khwarizmi, Habash al-Hasib, Abii Ma‘shar al-Balkhi, al-Fadl ibn Nadim al-Nayrizi, 
Muhammad ibn 801 al-Battani, and Abt al-Waf@é al-Buzjani. All of these explained 
in their 277’es that, if the shadow is squared and the gnomon is squared and the (square) 
root of their sum is taken, it will be the cosecant. ... And when the cosecant is deter- 
mined for all of them, some of them proceed to the cosine of the altitude, and some to 
the sine of the altitude itself... . However, those who proceed toward the sine of the 
altitude itself divide by the cosecant the product of the gnomon and the total sine. . . . 
However, al-Fazari, al-Khwarizmi, Ya‘qub ibn Tariq, Abi Ma‘shar, and the author of 
the Zij al-Shah prescribe the division of 1,800 by the cosecant, and it is the product of 
150 multiplied by 12. 


COMMENTARY 
This is Frag. K 1 of Ya‘qub. 


S 1. Al-Birtni, India, ed. pp. 309-10, trans. Vol. 1, p. 368. 

And our authorities (ashab) call them (the days of a kalpa) “the days of the Sindhind”’ 
or “the days of the world”; they are 1,577,916,450,000—in solar years 4,320,000,000; 
in lunar years 4,452,775,;000 in years of which each consists of 360 civil days 
4,383,101,250; and in divya (diba) years 12,000,000. 
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COMMENTARY 


The number of synodic months in a kalpa is 53,433,300,000 (cf. Frag. Z 5); a twelfth 
of this is 4,452,775,000, which then is the number of lunar years. Similarly, 
1,577,916,450,000 divided by 360 equals 4,383,101,250. A divya day is a revolution of 
the Sun (Brahmasphutasiddhanta 1, 25); so a divya year is 360 solar years, and there 
are 12,000,000 divya years in a kalpa. 

For the days in a kalpa, see also al-Ya‘qibi (Ta’rikh, 1, 86), Ibn al-Muthanna (p. 152 
Hebrew, pp. 105-106 Latin), Abraham ibn Ezra (pp. 88-89), and The Thousands of 
Abi Ma‘shar (p. 31); the intervals in days from the beginning of the kalpa to various 
epochs will be found in a text published in The Thousands of Abi Ma‘shar (p. 34, fn.) 
and in al-Hashimi (108v: 4-7). 


S 2. Al-Birtini, Ras@il 1, pp. 118-19. 

On the explanation of the equation by computation, Muhammad ibn Jabir al-Bustani 
(al-Battani?) mentioned this in his zij, and Muhammad ibn ‘Abd al-‘Aziz al-Hashimi 
also explained it in two places in his Kitdb ta lil li-Zij al-Khwarizmi without any proofs; 
in one of these two (places) he declared: “Computation of the equation according to 
the opinion of al-Sindhind. 

“We multiply the sine of the argument by the base (asl) and divide the product by R; 
there results then a side (of the triangle) (415). We multiply the cosine of the argument 
by the base (asl) and divide the product by R; we add the result to R if the argument is 
less than 90°, or we subtract it from R if the argument is greater than 90°. Then we 
multiply whatever results from the addition or subtraction by itself, and we add to the 
product of the multiplication of the side (41) by itself. We take the square root of the 
sum, and this is the hypotenuse (qutr). Then we multiply the side (dil‘) by R and divide 
the product by the hypotenuse (qutr); there results the sine of the equation. 

‘As for what concerns the second part, we add the square of the base (asl) to R? 
and take the square root of the sum; this is the hypotenuse (gutr). Then we multiply 
the base (asl) by R and divide the product by the hypotenuse (qutr); there results the 
sine of the equation.” 


COMMENTARY 


In terms of Indian astronomy, the base (asl) is the radius of the epicycle (for oe 


the Indians normally substitute the circumference of the epicycle divided by 360); the 
side (di) is the bhujaphala; R+ the cosine of the argument is the kotiphala; and the 
hypotenuse (qutr) is the karna. Then the rule in the first paragraph corresponds to that 
in, e.g. Pattamahasiddhanta 4,10 and Brahmasphutasiddhanta 2,12-15; the rule in the 
second paragraph covers the special case when the argument equals 90°, so that the 
bhujaphala is the asl and the kotiphala is R. See Frag. Z 15. 


S 3. Al-Biriini, Tahdid nihdydt al-amakin, ed. pp. 228-30, trans. pp. 193-95. 

The Indians have a book on this subject, known as Kitab tahdid al-ard wa al-falak 
( Bhigoladhydya?). First its author derives half the town’s parallel (fawg al-maddr). He 
multiplies the versed sine of the town’s latitude by the number of farsakh’s in the 
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earth’s semi-circumference, which is considered to be 3,2983% farsakh’s. Then he divides 
the product by 3,438 minutes, and subtracts the quotient from half a rotation, which 
is 180°; there remains half the parallel of that town. If the latitudes of the two towns are 
equal, he multiplies the difference in their longitudes by half the parallel, and then divides 
the product by 180; the quotient obtained thereby is expressed in grand farsakh’s. 
Then he adds to the quotient one-sixth of it, and he claims that the sum obtained is a 
measure of the distance, on the road used by humans and animals. If the two longitudes 
are equal, he multiplies the difference between the two latitudes by a quarter of the 
earth’s circumference, which is 1.649: farsakh’s; then he divides the product by 90, 
and there results grand farsakh’s. He adds a quarter of it to get the measure of the road; 
that is what the author has claimed. If the two longitudes as well as the two latitudes 
are different, he obtains the displacement (between the two towns) by taking the differ- 
ence between the two latitudes; then he squares the difference and retains the product. 
Further, he multiplies the longitude of each of the two towns by the respective half of 
the town’s parallel, and divides each product by 180. He takes the difference between 
the two quotients and squares it; then he adds the squared difference to the retained 
number, and extracts the (square-)root of the sum; the unit in the root is a grand farsakh. 
He adds to the farsakh’s of the root one-third of their amount to get the measure of the 
road. 

The object of that operation is to evaluate the tawg al-madar, which is half the circum- 
ference of the parallel of latitude, in the farsakh unit for a great circle, whose amount 
is 6,597 farsakh’s. Since the diameter of the earth, according to their tradition, is 
2,100 farsakh’s, its circumference would be 6,600 farsakh’s, which is 3} times the diameter, 
according to the ratio which was derived by Archimedes. 

But, in India, this ratio (of circumference to diameter) is the ratio of 3,927 to 1,250, 
because it was communicated to them, by divine revelation and angelic disclosure, 
that the circumference of the circle of the stars, that is, the circle of the zodiac, is 
125,664,400 (read 125,664,000) farsakh’s, and that its diameter is 40,000,000 farsakh’s. 
So, according to this ratio, if the diameter of the earth is 2,100 farsakh’s according to 
their hearsay evidence, the circumference of the earth would be 6,597 farsakh’s. As 
the authors of al-Sindhind al-saghir have dropped the zeroes from the beginning of the 
number of the days given in al-Sindhind al-kabir and have dropped in it an equal number 
of zeroes from the number of the Sun’s rotations, they have done so in this case. They 
have made the ratio of the diameter to the circumference equal to the ratio of 40,000 
to 125,664, which was mentioned by al-Khwarizmi in his zij, and in the Kibab al-jabr 
wa al-muqabala, after dividing each of these two numbers by two. But those two numbers 
have a common factor of 32; therefore their ratio is what we stated above. 

And I say: The ratio of one circumference to another circumference is equal to the 
ratio of the diameter of the former to the diameter of the latter. Similarly, for the 
semi-circumferences, the ratio of the radius of the parallel of latitude to the radius of 
the sphere is equal to the ratio of the semi-circumference of the parallel to the semi- 
circumference of a great circle. But if we regard the circumference as made up of 360 
parts, the authors of the two Sindhind’s regard it as made up of 114;36. Now, half this 
number is 57;18; and if it is expressed in minutes, its amount is 3,438. Therefore, in 
their tables, thay have put R equal to this amount, and they have evaluated the other 
sines accordingly. 
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CoMMENTARY 


This whole passage is exhaustively discussed by al-Biriini (T’ahdid, ed. pp. 230-31, 
trans. pp. 196-97 for case one; ed. p. 232, trans. p. 197 for case two; ed. pp. 232-33, 
trans. pp. 197-99 for case three; and ed. p. 234, trans. pp. 199-200 for the increments). 
Clearly the rules for determining the distance between towns on the same parallels of 
longitude or latitude are similar to al-Fazari’s (Frag. Z 23): 


circumference. 


(a — b) x 360 : 


the main oddity is the addition of 4} to the longitudes and 4 to the latitudes. The third 
problem differs from that in Frag. Z 23 in that here the longitudinal difference (desdntara) 
is known; but again the addition of 4 is puzzling. Al-Biriini severely criticizes the solution 
of problems one and three and the increments; the reader is referred to his discussion 
for details. 

For the circumference of 6,600 farsakh’s, see Frag. Z 17 and the commentary thereon. 
In his Κύκλου μέτρησις, Archimedes proved that π lies between 3:9 and 34. The ratio 
6,597%:2,100 = 125,664,000:40,000,000 is derived from the Aryabhatiya (see Frag. 
T 1-3 of Ya‘qiib); Al-Ya‘qutbi (Ta’rikh, 1, 85) says that, according to the Indians, the 
orbit of the Moon is 125,664 farsakh’s, and its diameter 40,000 farsakh’s. The reference 
to al-Khwarizmi’s Algebra is: ed. p. 51, trans. pp. 71-72. 

The Zi al-Sindhind al-kabir sounds like al-Fazari’s work, but it seems to have used 
R = 3,438 (the value in, e.g., Paitamahasiddhanta 3,12 and Aryabhatiya, Dasagitika 10); 
this value of R reflects a value of 7 equal to 3344. In Frag. Z 12 and 16 we find that 
al-Fazari uses R = 3,270, and in Frag. Z 11, 13, 15, and 25 R = 150. Clearly he made 
no effort to be consistent, but incorporated any numbers he found into his zij. 


Q 2 (for Frag. Q 1 see p. 104). Al-Biriini, On Shadows 142:7-144:9. 
Because the zij’es of the Indians are composed in the meter which they call shalik 
(sloka), one of the authors of the zijat al-Sindhind composed his zij in meter for that reason. 
... Similarly Muhammad ibn Ibrahim al-Fazari wrote in poetry in his Al-Qasida al- 
najimiya; he said in it concerning (the computation of) the remainder of daylight: 

“Ἢ you desire (to know) what remains of daylight or what has passed of it by means 
of the most suitable calculation, then—may Allah guide you with kindness!—made a 
rod whose measure is (a criterion) for the perfection of measure, six and six (digits); 
see to its durability, and make it as long as a span. Set it upright in a level place. Then 
look at the shadow, where it ends, and measure it with the rod (lacuna of one? word). 
Whatever results, that is from counting and from the calculation of your determined 
shadow. Add to it the equivalent of the shadow(!) of the rod, and subtract from it the 
shadow on the noon of your day; all of this has a share in your concern, and in it lies 
the accomplishment of your objective. Whatever is left, divide two and seventy by it 
until it is exhausted; this, upon my life!, is clear in meaning. When you divide, note 
the sexagesimal place (bab) of the quotient. These are the complete hours from the 
computation of the straight path. If the day is before (you), they pass one by one until 
they cross noon entirely and completely; if the day is behind (you), they are left one by 
one in reverse order till the setting of the Sun, until you no (longer) see.” 
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COMMENTARY 


Though the full meaning of this passage eludes us, yet the general procedure which 
is described remains clear. If we denote the shadow at any given time s, that at noon 
s,, and the hours since sunrise or before sunset x, al-Fazari’s formula is equivalent 
to: 

12 x 


(s+ 1 - 5, 6 


Then, if s = s,, six seasonal hours have passed since sunrise; if s = s, + 2%, five hours 
have passed; if s = s, + 6, four hours have passed; if s = 8) + 12, three hours have 
passed; ifs = s, + 24, two hours have passed; and ifs = s, + 60, one hour has passed. 
It will be necessary for s to be infinitely greater than s, for x to equal 0. The underlying 
scheme assumes a geometrical progression in the differences between s and s, for the 
second, third, and fourth seasonal hours of the day, with faster increases as one ap- 
proaches sunrise or sunset; presumably the 23 for the fifth hour is an approximation of 
3, which one expects to complete the geometrical progression. The primitiveness of 
this scheme makes on suspect a much older source. 
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Some concepts of Greck mathematical astronomy reached islam in the eighth century 
through translations and adaptations of Sanskrit and Paiuavi texts. These represented 
largely non-Ptolemaic ideas and methods which had been altered in one way or another 
in accordance with the traditions of India and Iran. When to this mingling of Greco-Indian 
and Greco-Iranian astronomy was added the more Ptolemaic Greco-Syrian in the late 
eighth and early ninth centuries, and the completely Ptolemaic Byzantine tradition during 
the course of the ninth, the attention of Islamic astronomers was turned to those areas where 
these several astronomical systems were in conflict. This led to the development in Islam 
of a mathematical astronomy that was essentially Ptolemaic, but in which new parameters 
were introduced and new solutions to problems in spherical trigonometry derived from 
India tended to replace those of the Almagest. 


THE PROBLEM OF THE INFLUENCE of Greek ma- 
thematical astronomy upon the Arabs (and in 
the following I have generally excluded from con- 
sideration the related problems of astronomical 
instruments and star-catalogues) is immensely 
complicated by the fact that the Hellenistic as- 
tronomical tradition had, together with Meso- 
potamian linear astronomy of the Achaemenid 
and Seleucid periods and its Greek adaptations, 
already influenced the other cultural traditions 
that contributed to the development of the science 
of astronomy within the area in which the Arabic 
language became the dominant means of scientific 
communication in and after the seventh century 
A.D. An investigation of this probelm, then, must 
begin with a review of those centers of astronom- 
ical studies in the seventh and eighth centuries 
which can be demonstrated to have influenced 
astronomers who wrote in Arabic. This limitation 
by means of the criterion of demonstrable in- 
fluence will effectively exclude Armenia, where 
Ananias of Shirak worked in the seventh cen- 
tury,' and China, where older astronomical tech- 


1 F.C. Conybeare, “Ananias of Shirak (4.p. 600-650 c.),” 
BZ 6, 1897, 572-584; R. A. Abramian, Anania Shirakat- 
si, Erevan 1958; and W. Petrie, “Ananija Schirakazi— 
ein armenischer Kosmograph des 7. Jahrhunderts,” 
ZDMG 114, 1964, 269-288. 

The reader should note that, in writing this survey, 
I have disregarded the rather divergent views of B. L. 


niques,? some apparently derived ultimately from 
Mesopotamian sources,? were partially replaced 
by Indian adaptations of Greek and Greco-Ba- 
bylonian techniques rendered into Chinese at the 
T’ang court in the early eighth century. But 
it leaves Byzantium, Syria, Sasanian [ran, and 
India. 

While astronomy had been studied at Athens 
by Proclus® and observations had been made by 
members of the Neoplatenic Academy in the fifth 


van der Waerden; these have been most recently ex- 
pounded in his Das heliozentrische System in der griechi- 
schen, persischen und indischen Astronomie, Ziirich 1970, 

2 N. Sivin, Cosmos and Computation in Early Chinese 
Mathematical Astronomy, Leiden 1969; K. Yabuuti, 
“Astronomical Tables in China, from the Han to the 
T’ang Dynasties,” Hisiory of Chinese Science and Techno- 
logy in the Middle Ages, Tokyo (7) 1963, pp. 445-492. 

8. Ἐς; 5, Kennedy, “The Chinese-Uighur Calendar as 
Described in Islamic Sources,” Jsis 55, 1964, 435-443, 
esp. 441. 

4K. Yabuuti, “The Chiuchih-li, an Indian Astrono- 
mical Book in the T’ang Dynasty,” op. cit., pp. 493-538; 
©. Neugebauer and D. Pingree, The Paficasiddhdntikd 
of Vardhamihira, Kebenhavn 1970/71, vol. 1, p. 16. 

5 Procius (410-485) was the author of a summary of 
Ptolemaic astronomy entitled Hypotypésis fén astreno- 
mikén hypotheseén, ed. C. Manitius, Leipzig 1909; the 
summary of Geminus’ Eisagdgé entitled Sphaira tou Pro- 
kiou is probably not his. 
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and early sixth centuries,® and while Ammonius, 
Eutocius, Philoponus, and Simplicius had written 
about astronomical problems at Alexandria in the 
early sixth century,’ a hundred years later the 


6 A series of seven observations made between 475 
and 510 are preserved in several manuscripts, of which 
the oldest was written in the tenth century; the best 
edition is by J. L. Heiberg, Ptolemaei Opera astronomica 
minora, Leipzig 1907, pp. xxv-xxvii. The observations 
are: 

I. A conjunction of Mars and Jupiter on 6/7 Pachon 
214 Diocletian (1 May 498) observed by Heliodorus 
(on 1 May 498 Mars and Jupiter were in conjunction 
at approximately Virgo 1°). 

II. A conjunction of Saturn and the Moon observed 
on 27/28 Mechir 219 (22 February 503) by Heliodorus 
and his brother (i.e., Ammonius) (on the night of 21/22 
February 503 Saturn and the Moon were in conjunction 
at approximately Cancer 5;34°). 

Ill. A conjunction of Venus and the Moon at Capri- 
corn 13° at an elongation of 48° from the Sun on 21 
Athyr 192 (19 November 475) observed at Athens by 
“the divine” (i.e., Proclus) (on 18 November 475 Venus 
and the Moon were in conjunction at approximately 
Capricorn 15°, and the Sun was at Scorpio 28° at an 
elongation of 472). 

IV. A transit of Regulus by Jupiter on 30 Thoth 
225 (27 September 508) (on 27 September 508 Jupiter 
was approximately at Leo 9°, very close to Regulus). 

¥. A transit of a Hyadis by the Moon at Taurus 
16:30° on 15 Phamenoth 225 (11 March 509) observed 
by Heliodorus (in the early evening of 11 March 509 
the Moon was at Taurus 16;30° close to a Hyadis). 

VI. A conjunction of Mars and Jupiter on 9/10 (read 
19) Payni 225 (13 June 509) (early on 13 June 509 Mars 
and Jupiter were in conjunction at approximately Leo 
12:40). 

VII. Observations of Venus ahead of Jupiter in 226, 
but then behind it on the 28th of an unspecified month 
(Venus was in conjunction with Jupiter at Virgo 6° 
on 13 October 509 or 15 Paophi 226; they were next 
in conjunction at Virgo 199 on 21 August 510 or 27 Mesore 
226. It must be the latter conjunction that Heliodorus 
here records as Venus was ahead of Jupiter—i.e., rose 
before it—on 26 Mesore, and was behind it on the 28th). 

1 Ammonius, a pupil of Proclus, is said to have been 
the author of a lost work on the astrolabe (it is not 
“Aegyptius” Herméneia tés tou astrolabou chréseds, ed. 
H. Hase, RRM 6, 1839, 158-171, and _A. Delatte, Anec- 
dota Atheniensia et alia, vol. 2, Paris 1939, pp. 254-262). 
He is also said by a certain philosopher named Stephanus 
to have published a kanonion using the Era of Philip 


tradition was transferred to Constantinople, where 
Stephanus of Alexandria—perhaps in imitation 
of the Sasanian Zfk-i Shahriydrdn—prepared in 
617/618 a set of instructions with examples il- 
lustrating the use of the Handy Tables of Theon 
for the Emperor Heraclius.£ Such studies, how- 
ever, were soon abandoned, not to be revived in 
Byzantium till the ninth century, when their 
restoration seems to have been due to the stimulus 
of the desire to emulate the achievements of the 
Arabs. Except for the texts of the Liftle Astron- 
omy® and some passages reflecting Greco-Baby- 
lonian astronomy in pseudo-Heliodorus” and Rhe- 


and Egyptian years (CCAG 2; 182), and is sometimes 
identified with the Awminiyis who also is said to have 
used Egyptian years, but whose work is only known 
in the recension of al-ZarqAli (J. M. Millas Vallicrosa, 
Estudios sobre Azarquie!, Madrid-Granada 1943-1950, 
pp. 153-234 and 379-392; M. Boutelle, “The Almanac 
of Azarquiel,” Cenfaurus 12, 1967, 12-19). 

Eutocius was evidently the author of a Prolegoamena 
[ἃς Ptolemaiou megalés syntaxeds, as yet unpublished (J. 
Mogenet, 1, Introduction ἃ l'Almageste, Bruxelles 1956). 

Philoponus, a pupil of Ammonius, wrote a well-known 
treatise Peri {δε tou astrolabou chréseéds kai kataskeués, 
ed. H. Hase, RAM 6, 1839, 129-156; see P. Tannery, 
“Notes critiques sur le Traité de l’astrolabe de Philo- 
pon,” RPA 12, 1888, 60-73 (= Ménwires scientifiques, 
vol. 4, Toulouse-Paris 1920, pp. 241-260); J. Drecker, 
“Des Johannes Philoponos Schrift fiber das Astrolab,” 
Isis 11, 1928, 15-44. There is an English translation 
by H. W. Greene in R. T. Gunther, The Astrolabes of 
the World, vol. 1, Oxford 1932, pp. 61-81. 

Simplicius, another pupil of Ammoenius, composed a 
commentary on Aristotle’s Peri ouranou, ed. J. L. Hei- 
berg, CAG 7, Berlin 1894. 

8 The fullest description presently available is by H. 
Usener, De Stephano Alexandrino, Bonn 1880, pp. 33-54 
(= Kleine Schriften, vol. 3, Leipzig-Berlin 1914, pp. 289- 
319). 

9 On the history of the Mikros astronemos, see Ὁ. 
Pingree in Gnomon 40, 1968, 15-16. | 

10 Heliodorus, who was the principal observér in the 
series of observations noted in fn. 6, was the author 
neither of the Prolegomena to Ptolemy (probably written 
by Eutocius; see fn. 7) nor of the Eis fon Paulon, edited 
by E. Boer, Leipzig 1962 (apparently written by Olym- 
piodorus; see L. G. Westennk, “Ein astrologisches Kol- 
leg aus dem Jahre 564,” BZ 64, 1971, 6-21). He is 
falsely associated with a short text containing a Greco- 
Babylonian theory of the planets by F. Boll in CCAG 7; 
119-122; see also O. Neugebauer, “On a Fragment of 
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torius of Egypt," Byzantine astronomy in this 
period was solidly Ptolemaic. 

The history of astronomical writings in Syriac 
before the rise of Islam is difficult to trace. The 
works of Bar Daisan,™ his pupil Philip,“ and 
of George, the Bishop of the Arabs,™ indicate 


Heliodorus (7) on Planetary Motion,” Sudhoffs Archiv 
42, 1958, 237-244 (the same text as is found in Vat. gr. 
208 also occurs on ff. 200-201 of Laur. 28, 46). 

i Rhetorius of Egypt, who flourished in the first 
quarter of the sixth century, includes in his Peri phuseds 
kai kraseés kai geuseds t6n z asterén a very schematic 
version of the Greco-Babylonian planetary theory. It 
was edited by F. Boll in CCAG 7; 214-224; see also the 
excerpts of Isidore of Kiev edited by 5. Weinstock in 
CCAG 5, 4; 133-152 and by D. Pingree in Albumasaris 
De revolutionibus nativitatum, Leipzig 1968, pp. 245-273. 
He also, in chapter 51 of his Ek ὅπ Antiochou thésaurdn 
(ed. F. Boll in CCAG 1; 163), gives a list of Babylonian 
period relations for the planets, as do also John Lydus 
in Peri ménén Til 16 (ed. R. Wuensch, Leipzig 1898, 
pp. 56-57) and others: for these period relations in 
Islamic astrology see E. S. Kennedy and D. Pingree, 
The Astrological History of Méshd’alldh, Cambridge, 
Mass. 1971, p. 132, and D. Pingree, The Thousands of 
Abd Ma‘shar, London 1968, pp. 64 and 66-68. 

12 Bar Daisan (154-222/3) of Edessa represents a pe- 
culiar combination of Christianity and Gnosticism with 
astrology; see H. J. W. Drijvers, Bar Daisan, Assen 
1965, and fns. 13 and 14. 

13 Philip, the pupil of Bar Daisan, wrote an exposition 
of his master’s teachings, the Book of the Laws of Ceun- 
tries, most recently edited by Drijvers, Assen 1965. 

14 The astronomical letters of George, the Bishop of 
the Arabs (died 724), are published by VY. Ryssel, “Die 
astronomischen Briefe Georgs des Araberbischofs,” ZA 8, 
1893, 1-55; see also F. Nau, “Notes d’astronomie syrien- 
ne,” JA 10, 16, 1910, 208-228, esp. 208-219, and F. Nau, 
“La cosmographie au vite siécle,” ROC 15, 1910, 225- 
254, esp. 229-230, 239-240, and 245. George attributes 
to Bar Daisan (p. 48 Ryssel) a scheme of rising-times 
of the zodiacal signs equivalent to the Babylonian “Sys- 
tem A” (O. Neugebauer, “The Rising Times in Babylonian 
Astronomy,” JCS 7, 1953, 100-102), though he derives 
{p. 49 Ryssel) his longest periods of daylight for the 
seven climata from Ptolemv'’s Synfazis 2, 13 (Ὁ. Neu- 
gebauer, “On Some Astronomical Papyri and Related 
Problems of Ancient Geography,” TAPAS, NS 32, 1942, 
251-263, esp. 257 fn. 39). George also knows the Pto- 
lemaic value (1° per century) of precession (p. 53 Rys- 
sel), but in general does not display a very profound 
knowledge of astronomy. 


that sufficient knowledge of the subject must 
have existed to permit the casting of horoscopes; 
for this all that is really needed, of course, are 
tables, and it is certain that a Syriac version of the 
Handy Tables existed™ There may also have 
been a Syriac translation of Ptolemy’s Syntazis 
since some of the Arabic versions are said to have 
been made from that language.” In fact, it has 
been claimed that Sergius of Résh‘aina, the early 
sixth century translator, was responsible for the 
Syriac version,” and in any case he did write 
on astrology and on the motion of the Sun.¥ 


18 Bar Hebraeus in the thirteenth century (Chrono- 
graphy, translated E. A. Wallis Budge, Oxford 1932, vol. 
I, p. 54) attributes to Theon a work on the use of the 
astrolabe, an introduction to the Syntazis, and a Book 
of the Canon whose only memorable feature for Bar 
Hebraeus seems to be the discussion of the theory of 
trepidation; see also his Ta'rikh mukhtasar al-duwal, 
Bayrait 1958, p. 73. But we know that a version was 
available to Severus Sebokht already in the seventh 
century; see Ἐ, Nau, “La cosmographie,” pp. 237 and 
240, F. Nau, “Le traité sur les ‘Constellations’ écrit en 
660 par Sévére Sébokt évéque de Qennesrin,” ROC 27, 
1929-30, 327-410, and 28, 1931-32, 85-100, and O. Neu- 
gebauer, “Regula Philippi Arrhidaei,” Isis 50, 1959, 
477-478. Moreover, al-Battant (C. A. Nallino, Al-Bat- 
tént sive Albatenii Opus Astronomicum, 3 vols., Milan 
1899-1907, vol. 2, pp. 192 and 211) used a Syriac version 
of Ptolemy's kanén basileén extending through the reign 
of Theodosius III (died 717) and a Syriac adaptation 
of his geographical tables. Ibn al-Nadfm in his Fihrist 
(ed. G. Fligel, 2 vols., Leipzig 1871-72, Ὁ. 244) reports 
that Ayyfib and Sim‘fn translated the Zfj Bailimds 
(Handy Tables) into Arabic (apparently from the Syriac) 
for Muhammad ibn Khalid ibn Yahya ibn Barmak, 
who must have flourished in about 800. 

16 Jpn al-Nadim (Fihrisf, pp. 267-268; cf. Ibn al- 
Oiftt?, Ta’rikh al-hukami’, ed. J. Lippert, Leipzig 1903, 
pp. 97-98) states that the first translation of the Almagest 
into Arabic was made for YahyA ibn Khalid ibn Barmak 
(died 807), and was “commented on” by Abfi al-Hasan 
and Salm, the head of the Bayt al-hikma. Nallino (Al- 
Batidnt, vol. 2, Ὁ. viii; Raecolta di scritti edili ὁ inediti, 
vol. 5, Roma 1944, p. 264) has contended that this 
ancient version was made from the Syriac and was used 
by al-Battant. 

17 Sergius (died 536), the son of Elias, is identified 
by A. Baumstark (Lucubrationes Syro-Graecae, Leipzig 
1894, p. 380) with Sarjin ibn Haliya al-Rami whose 
name is recorded at the end of the unique Leiden manu- 
script of al-Hajjaj’s Arabic translation of the Almagest. 
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At Qenneshré, moreover, in the middle of the 
seventh century lived the monk Severus Sebokht 
of Nisibis, who was familiar not only with the 
Handy Tables, and the Greek tradition of astro- 
labes, but also with Indian numerals.” This early 
Indian influence on Syrian science reminds us of 
the similarities between Harranian and Indian 
worship of the planets and of the knowledge of 
the Sanskrit names of the planets at Harran 
evident from the Ghdyal al-hakim falsely ascribed 
to al-Majriti.2° Also in the late eighth century 
there came from Edessa the chief astrologer of 
the Caliph al-Mahdi, Theophilus, a man learned 
in Greek, in Syriac, and in Arabic.™ His writings 


Al-Hajjaj ibn Matar made his translation, perhaps from 
Sergius’ Syriac, for al-Ma’miin in 829/30; cf. below fn. 
96. Some further information on the Arabic versions 
of Ptolemy will be found in O. J. Tallgren, “Survivances 
arabo-romane du Catalogue d’étoiles de Ptolémée,” Siu- 
dia Orientalia 2, 1928, 202-283. 

18 &, Sachau, Inedifa Syriaca, Halle 1870, pp. 101-126. 
Sergius also translated into Syriac the pseudo-Aristote- 
lian Peri kosmou edited by P. A. Lagarde, Analecia 
Syriaca, Leipzig 1858, pp. 134-158. 

18 Severus Sebokht of Nisibis, the Bishop of Qen- 
neshré in the middle of the seventh century, wrote 
yoluminously on astronomy. Some of his works have 
been published in Nau’s articles cited above in ins. 
14 and 15, others by Sachau, op. cil., pp. 127-134, and 
his work on the astrolabe by Nau in JA 9, 13, 1899, 
56-101 and 238-303 (there is an English translation of 
this by Mrs. Margoliouth in Gunther, op. cil., pp. 82-103); 
see also F. Nau, “Un fragment syriaque de louvrage 
astrologique de Claude Ptolémée intitulé le Livre du 
fruit,” ROC 28, 1931-32, 197-202, 

Ὁ The Ghdya. al-hakim, falsely attributed to Masiama 
al-Majriti (died 1007/8), was composed between 954/ 
and 959/60 The Arabic original was edited by H. Rit- 
ter, Leipzig-Berlin 1933, and translated into German 
by H. Ritter and M. Plessner, London 1962. The Har- 
ranian adaptations of Indian material are principally 
located on pp. 202-225 of the text. pp. 213-237 of the 
transiation; they have been freely mingled with material 
from a variety of other sources. 

21 Theophilus (died 785) wrote several astrologicai 
works, now extant mainly in Greek, though there aiso 
exist many fragments in Arabic. Hie was an astroic- 
gical advisor to the ‘AbbAsid court from the 750s {{Π 
his death shortly after al-Mahdi’s in 785. I am at present 
preparing an edition of all of his astrological writings, 
in Greek and in Arabic, which I hope will elucidate 
further his dependence on Indian sources. 


do not reveal what astronomical texts he used, 
but they do indicate the existence of some sort 
of astronomy in Syria. They also indicate again 
an acquaintance with Indian material. This In- 
dian influence on Syrian science probably came 
through Sasanian Iran; but, despite this contact 
with the east, Syrian astronomy seems to have 
been predominantly Ptolemaic. 

The Iranians, whatever their astronomy may 
have been in the Parthian period besides the 
linear astronomy preserved in cuneiform at Ba- 
bylon and Uruk,?* in the very earliest reigns of 
the Sasanian dynasty became familiar with Pto- 
lemy’s Syntaxis—Hé megisté biblos or, in Pahla- 
vi, Megisté—as well as with Greek and Indian 
astrological texts through the translations spon- 
sored by Ardashir I and ShApdir 1,33. In the late 
fourth century the Era of Diocletian was employed 
in computing a horoscope inserted into the earlier 
Pahlavi translation of the Greek astrological poem 
of Dorotheus of Sidon;** this may indicate the 
existence ofa set of astronomical tables in Pahlavi 
using that era. 


#2 The basic publication of this material is Ὁ, Neu- 
gebauer, Astronomicai Cuneiferm Texts, 3 vols., Lon- 
don 1955; see also A. Sachs, Late Babylonian Astronom- 
ical and Related Texts, Providence 1955, and O. Neuge- 
bauer and A. Sachs, “Some Atypical Astronomical Cu- 
neiform Texts.” JCS 21, 1967, 183-214, and 22, 1969, 
92-111. 

28 See the texts and references in D. Pingree, The 
Thousands, pp. 7-13; the transiation of the Almagesi 
by Rabban al-Tabari to which Abi Ma‘shar refers 
(ibid., p. 17) was probabiy made from the Pahiavi. 

24 This horoscope occurs in Book 3 of the Arabic 
translation (ca. 800) of the Pahiavi version of the astro- 
logical poem of Dorotheus of Sidon (ca. 75); I am pre- 
paring an edition of this work. The horoscope ts dated, 
according to the text, “in the year 96 (read 97) of the 
years of Dartnfis (= Diocietian!) in the month Mihr 
{= Phamenoth!) on the second day”, which corres- 
ponds to 26 February 381. The heroscapes and modern 
computations fur that date are: 
text 
Taurus 4;34¢ 
Libra 20;10 
Taurus 24;55 
Pisces 6.50 
Pisces 26,50 
Pisces 19:55 
Virpo 19;7 


26 Kebruary 381 
Taurus 7° 

Libra 27 

Taurus 26 

Pisces 9 

Pisces 29 

Pisces 21 

Virgo 20 


Saturn 
Jupiter 
Mars 
Sud 
Venus 
Mercury 
Moon 
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But, in any case, it appears that in ca. 450 a 
Royal Canon—Ztk-i Shahriyérdn—-was composed; 
the one element that we know from it, the longi- 
tude of the Sun's apogee, is a parameter of the 
brAhmapaksa of Indian astronomy.” A century 
later, in 556, Khusrau Andshirw&n ordered his 
astrologers to compare an Indian text called in 
Arabic the Zij al-Arkand (arkand being a cor- 
ruption of the Sanskrit ahargana) with Ptolemy’s 
Syntaxis; the Indian text, which belonged to the 
ardharatrikapaksa, was, surprisingly, found to be 
superior, and a new redaction of the Zik-i Shah- 
riydrdn was based upon it;* this redaction was 
still available to MashA’allah at the beginning 
of the ninth century.’ A final version of the 
Ztk-i Shahriydrdn, like its predecessor incorporat- 
ing many 4rdharatrika parameters though em- 
ploying others of unknown origin as well, was 
published during the reign of the last Sasanian 
monarch, Yazdijird I112% In its Pahlavi form 
it was probably the zij used by the computer of 
a series of horoscopes illustrating the early history 
of Islam, computed shortly after 679,39 and of 
another series computed during the reign of Ha- 
τη al-Rashid.® It was also known to the authors 
of a Zij al-Jdmi® and of a Ztj al-Hazfr, both 


25 ἘΠ S. Kennedy and B. L. van der Waerden in JAOS 
83, 1963, 321 and 323; Ὁ. Pingree, “The Persian ‘Ob- 
servation’ of the Solar Apogee in ca. a.p. 450,” JNES 24, 
1965, 334-336. Further evidence for the Indian influence 
on Sasanian astronomy will be found in D. Pingree, 
“Astronomy and Astrology in India and Iran,” Isis 
54, 1963, 229-246, and D. Pingree, “Indian Influence 
on Early Sassanian and Arabic Astronomy,” JORMadras 
33, 1963-64, 1-8. 

26 PD. Pingree, The Thousands, pp. 12-13; F. 1. Haddad, 
Ἑ, 5. Kennedy, and D. Pingree, The Book of the Reasons 
Behind Astronomical Tables (to appear; hereafter re- 
ferred to as al-Hashimf), sec. 7. 

27 E. S. Kennedy and Ὁ, Pingree, The Astrological 
History. 

28 Like other Pahlavi astronomical texts it is primarily 
known through citations by Arab authors. It was trans- 
lated into Arabic by an otherwise unknown Abii al- 
Hasan ‘All ibn Ziyad al-Tamimi, and extensively used 
by al-Hashimt (e.g.. secs. 8 and 64-66) and by al-Birint 
(see in particular the material collected and discussed 
by E. S. Kennedy, “The Sasanian Astronomical Hand- 
book Ztj-i Shdh and the Astrological Doctrine of ‘Tran- 
sit’ (mamarr).” JAOS 78. [1958], 246-262). 

29D. Pingree, The Thousands, pp. 114-121. 

80. Jbid., pp. 93-114. 


written at Qandahar not very long after 735, 
and to al-Fazari and Ya’qib ibn Tariq in the 
last quarter of the eighth century." The eclectic 
nature of these Royal Canons is evident from 
what we know of their parameters; but nothing 
can now be recovered of any geometric or cine- 
matic models which they may have proposed to 
account for planetary motions. Mathematically, 
they favored simplified techniques leading to 
rough approximations. Even more than the In- 
dians, the Iranians of the Sasanian period, though 
heirs through both Greece and India of Greek 
astronomy, concentrated on pragmatic methods 
and astrologically useful results rather than on 
theoretical models of the structure of the heavens. 

Aside from these official sets of tables in Iran, 
we know from Neusner’s studies that the Jews 
in Mesopotamia during the Sasanian period were 
familiar with astrology; the astronomical tables 
that may have been available to them, however, 
remain obscure. It also seems likely that astro- 
nomical studies flourished in Sasanian Tabaristan 
and Khurdsfin because these provinces were the 
places of origin of several early “Abb4sid astrono- 
mers and astrologers who were acquainted with 
the Pahlavi tradition, but again all further details 
are missing.*4 

Among the Indians, who first learned something 
of Babylonian lunar and solar period relations 
and linear techniques of solving astronomical prob- 
lems from the Iranians during the Achaemenid 
occupation of the Indus Valley, methods of com- 
puting planetary positions for casting horoscopes 
based on Greek adaptations of the Mesopotamian 
planetary theories of the Seleucid and Parthian 
periods became known in the middle of the second 
century a.p. or a little earlier In a somewhat 
later period—-perhaps in the fourth or early fifth 
century—Greek texts expounding both a double- 


31 Al-Hashimt, secs. 5-6 and 35. 

32 See below fns. 48 and 58. 

33 J. Neusner. A History of the Jews in Babylonia, 
vol. 4, Leiden 1969, pp. 330-334, and vol. 5, Leiden 
1970. pp. 190-193. 

84 From TabaristAn came Rabban al-Tabari (see above 
fn. 23), the family of ‘Umar ibn al-Farrukhan al-Tabart 
(jl. ca. 760-815), and Yahya ibn Abi Mansfir (see below 
fn. 73); from Khurdsén came the families of Nawbakht 
and Barmak (see above fns. 15 and 16) as well as Abd 
Ma‘shar (787-886). 

86 D. Pingree, “Greco-Babylonian Astronomy and its 
Indian Derivatives,” to appear in JORMadras. 
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epicycle model based partially on the principles 
of Aristotelian physics and a pre-Ptolemaic ec- 
centric-epicyclic model were translated into Sans- 
krit.% This non-Ptolemaic Greek astronomy was 
modified by the Indians both in the light of their 
existing traditions of adaptations of Irano-Ba- 
bylonian and Greco-Babylonian theories and meth- 
ods and in that of their own developments in tri- 
gonometry and algebra. In the fifth century 
three separate schools representing different mix- 
tures of these elements came into existence: the 
brahmapaksa, which, as we have seen, already 
influenced the Zik-i Shahriydrdn in ca. 450; the 
ardharatrikapaksa, which influenced the Zik-i 
Shahriydrdn of Andshirwan and Yazdijird II]; 
and the 4ryapaksa, which was in part known 
in late eighth century Baghdad,” apparently 
through the Zij al-Hargan.* 

It is clear, therefore, that Greek influence on 
early Islamic astronomy came from many sides 
and in many distorted forms. We must now exam- 
ine in chronological order what is known of as- 
tronomers who wrote in Arabic in order to gauge 
the extent of the dependence of each on ultimately 
Greek sources and the route by which this in- 
fluence reached him. 

The earliest astronomical texts in Arabic seem 
to have been written in Sind and Afghanistan. 
The first is the Zij al-Arkand (different from 
the Pahlavi work available to the astrologers of 
Anfishirwan), which was written in Sind—prob- 
ably at al-Mansfra—in 735 on the basis of the 
Khandakhddyaka composed by Brahmagupta at 
Bhillamala in 665, but displaying some knowledge 
of the Zitk-i Shahriydrdn of Yazdijird 111. From 
this zij are derived two others written at Qanda- 
har, the Zfj al-Jdmi® and the Zij al-Hazir,® 
which we have had occasion to refer to previous- 
ly. We do not have sufficient information con- 
cerning these texts to judge whether or not they 
described the Greco-Indian double-epicycle mo- 


36 Ὁ, Pingree, “On the Greek Origin of the Indian 
Planetary Model Employing a Double Epicycle,” JHA 2, 
1971, 80-85. 

$7 Al-Fazari (see below fn. 48), frags. Z 4, Z 12, Z 17, 
and S 3; Ya‘qaib ibn Tariq (see below fn. 58), frags. 
Z 6, T 1-3, and K 6; D. Pingree, The Thousands, pp. 16, 
19, and 29-32; and al-HAshimt, secs. 3 and 25. 

38 See below fns. 42 and 43. 

89 Al-Hashimt, sec. 4, and the commentary on Ya‘- 
qhb, frag. T 4. 

49 Al-Hashimt, secs. 5-6 and 35, 


del, or possessed any other identifiable Greek 
element." A similar mixture of Indian and Ira- 
nian materials was evidently present in the Zi 
al-Harqan,* whose epoch is the year 110 of Yaz- 
dijird or a.p. 742, and which gives, in verse, a 
rough rule for determining the equations of the 
center of the two luminaries according to the 
parameters of the fryapaksa; the same rule was 
given later by al-Fazdri.** Since this rule is based 
on the “method of sines,” it reflects an Indian 
simplification of computing with the Greco-In- 
dian double-epicycle model. 

The next phase in the history of Arabic astro- 
nomical texts is marked by a further infusion of 
Indian material accompanied by translations of 
the Ptolemaic Syntaxis and Handy Tables and of 
the Iranian Zij al-Shdh; this activity took place 
at the early “Abbasid court, and particularly under 
al-Mansfir and H4riin al-Rashid. When the form- 
er was planning to build his new capital, Baghdad, 
he assembled the astrologers Nawbakht, Masha’- 
allah, al-Fazari, and “Umar ibn al-Farrukhan al- 
Tabari to determine an auspicious moment; they 
chose 30 July 762.4 It is most likely that they 
used the Pahlavi original of the Zij al-Shdh of 
Anfishirwan in casting this horoscope; at least 
we know that this was used by MaAsh4’allah for 
horoscopes he cast during the reign of Harfin 
al-Rashid for his astrological history of the ca- 
liphs, for a group of horoscopes he computed 
between 768 and 794,“ and for the horoscopes cited 
in the world history which he wrote in ca. 810. 


41 As gl-Birnt translated the Khandakhddyaka into 
Arabic and entitled this translation Yahdhib ztj al- 
Arkand, it is uncertain to what extent his numerous 
citations in the India and in Al-Qdnfin al-Mas‘ ad? 
of the Ztj al-Arkand can legitimately be referred to the 
“translation” of 735. 

42 ἘΠ S. Kennedy, “A Survey of Islamic Astronomical 
Tables,” TAPAS, NS 46, 1956, 123-177, no. X206 (p. 137). 

43 Al-Birint, Rasd’il, Hyderabad-Deccan 1948, ΠῚ 26, 
and On Transits, translated M. Saffouri and A. Tram, 
Beirut 1959, 26: 4-19; al-Fazari, frag. Z 12. 

44 Τὴ, Pingree in JNES 29, 1970, 104. 

45 Ὲ S. Kennedy and D. Pingree, The Astrological 
History, pp. 129-143. 

46 Ibid., pp. 175-185. 

ΑἹ Ibid., pp. 1-125. If the Latin De scienfia motus 
orbis, published by I. Stabius. Nuremberg 1504, and 
by I. Heller. Nuremberg 1549, is really Mash4’allah’s, 
he knew something of Ptolemaic astronomy, probably 
from Harrin. 
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But another of the astrologers consulted on 
the propitious moment for the foundation of 
Baghdad was Muhammad ibn Ibrahim al-Fazari, 
the scion of an ancient Arab family of al-Kifa.* 
When an embassy sent to the court of al-Mansir 
from Sind in 771 or 773 included an Indian 
learned in astronomy, the caliph ordered al-Fa- 
z4rt to translate with his help a Sanskrit text 
related to the brAahmapaksa and apparently en- 
titled the Mahdsiddhdnita; this work seems to 
have been dependent on the Brdhmasphutasid- 
ἀπάπία written by Brahmagupta in 628. The re- 
sult of this collaboration was the Zij al-Sindhind 
al-kabir, whose elements, however, are derived 
not only from the Mahdsiddhdnia.®™ but also from 
the Aryapaksa®® (probably through the Zfj al- 
Hargan), the Ztj al-Shah,™ Ptolemy® (perhaps the 
Pahlavi version), and a Persian geog aphical text 
ascribed to Hermes.5* While mentioning the rules 
for computing the equations of the center by 
means of the “method of sines”, al-Fazaéri also 
describes the Indian method of computing this 
equation by means of an epicycle model.** This 
epicyclic model from a Sanskrit source and the 
Ptolemaic value of precession apparently from a 
Pahlavi source are the first specifically Greek ele- 
ments identified in an Arabic astronomical text. 

Later in his life—apparently in ca. 790°—al- 
Faz&ri wrote the first zij to contain tables for 
converting dates according to other calendars into 
those of the Muslim calendar.®¢ He also composed 
a lengthy poem on astronomy, and various works 
on the astrolabe and armillary sphere; the last 
two probably were based on Greek or Syriac 
texts as we know of no treatises on the astrolabe 
in Pahlavi, and none in Sanskrit before the four- 
teenth century.®’ This eclectic and not very pro- 
found production by al-Fazaéri formed the foun- 
dation of the Sindhind tradition which survived in 


#8 Ὁ Pingree, “The Fragments of the Works of al- 
Fazari,” JNES 29, 1970, 103-123. 

49. Al-Fazart, frags. Z 1-6, Z 8-9, Z 11-12, Z 16, 2 24, 
51, and § 2. 

50 See above fns. 37 and 43. 

δ᾽ Al-Fazart, frags. Z 2, Z 11-15, and Z 25. 

52 Al-Fazari, frag. Z 5. 

53 Al-Fazart, frags. Z 17 and Z 18. 

54 Al-Fazart, frag. 5. 2. 

55 Al-Fazart, frag. Z 23. 

56 A)l-Fazirt, frags. Ζ 3 and Z 10. 

57 The earliest Sanskrit text on the astrolabe is the 
Yantrardja composed by Mahendra in ca. 1360. 


the eastern domains of Islam into the tenth 
century, but much later in Spain and the Latin 
west. 

Associated with al-Fazart in his conversations 
with the Indian astronomer from Sind was one 
Ya‘qib ibn Tarig.8 Like al-Fazfri he wrote a 
zij (employing as epoch the Era of Yazdijird ΤΠ 
in which some elements from the Mahdsiddhdnta® 
were mixed with others from the Zfj al-Shdh,© 
but he also introduced yet others from an 4r- 
dharatrika source—presumably the Zij al-Arkand™ 
—and from Ptolemy.®* In 777 or 778 he com- 
posed a second work, the Tarkib al-afidk, in which 
he deals at length with methods of computing 
the ahargana which he has derived from the 
Mahdsiddhdnia,™ but also with the distances of 
the planets in a fashion that appears more like 
that of Ptolemy in the Planetary Hypotheses™ than 
like that of the Indians. The precise method by 
which he computed these distances is not known, 
however, and it is not yet possible definitely to 
assert a Greek influence on him at this point. 

As we have noted previously, the Ptolemaic 
Syntaxis and Handy Tables were first translated 
into Arabic during the reign of H4rfin al-Rashid, 
under the patronage of the family of Barmak. 
Under the same patronage Ahmad ibn Muham- 
mad al-Nihaéwandi began making observations at 
Jundishapir for use in his Al-zij al-mushtamil, 
thus beginning the long tradition of the observ- 
atory in Islam.® 

This tradition of observation was continued un- 
der al-Ma’miin, with the instruments invented by 
the Greeks, at both Baghdad and Damascus. One 
purpose of this activity was to solve the problem 
of contradictory parameters; for, though the three 
systems known to astronomers of the early “Ab- 


58 Ὁ, Pingree, “The Fragments of the Works of Ya‘- 
qitb ibn Tariq,” JNES 27, 1968, 97-125; E. S. Kennedy, 
“The Lunar Visibility Theory of Ya‘qib ibn ‘4riq,” 
JNES 27, 1968, 126-132. 

ὅθ Ya‘qib, frags. Z 1-2, Z 5-6, and Z 9. 

8 Ya‘qtb, frags. Z 1 and Z 7. 

*1 Ya‘qtb, frags. Z 7 and Z 8. 

2 ἘΠ S. Kennedy, “Lunar Visibility Theory,” 128. 

88 Ya‘qfb, frags. T 5-11. 

δά Ya‘qib, frag. T 1; cf. B. R. Goldstein, “The Arabic 
Version of Ptolemy’s Planetary Hypotheses,” TAPRS, 
NS 57, 1967, 4, pp. 6-8. 

6 A. Sayili, The Observatory in Islam, Ankara 1960, 
pp. 50-51. This important study is an essential source 
for much of what follows. 
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b&sid period—the Indian (Sindhind), the Iranian 
(Shah), and the Ptolemaic (Almagest, newly avail- 
able in the translation completed by al-Hajjaj 
in 829 or 830)—were all descendents of Hellenistic 
astronomy, their parameters differed substantial- 
ly. One rather bizarre effort at reconciliation 
was made between 840 and 860 by the astrologer 
Abfi Ma‘shar of Balkh in his Zij al-hazdrdt, his 
Kitdb al-wulff, and his Kitdb ikhtildf al-zijdt. He 
claimed that the three systems were all aberrant 
_ derivatives of a unique ante-Diluvian revelation 
whose exposition he had discovered in a manu- 
script buried at Isfahan by the legendary Tah- 
miirath. In fact, Abi Ma‘shar’s system is a curious 
admixture of elements lifted from the various 
texts known to him. 

But the astronomers of al-Ma’mfin sought a 
less fanciful solution. They tried to establish the 
correct parameters on the basis of new obser- 
vations, though it is evident that some of their 
revised parameters are in fact confirmations of 
ones already known. Their new value of pre- 
cession, for example, is Indian,™ and their new 
mean motions of the planets seem largely to be 
simply Ptolemy’s corrected for the new length 
of a tropical year. 

The personnel involved in the observations made 
under al-Ma’mfin at the Shammasiya in Baghdad 
in 828 and 829 included Sanad ibn “Ali, Yahya 
ibn Abi Mansfr,” and Muhammad ibn Masa al- 


86 Ὁ͵ Pingree, The Thousands. 

87 1. Pingree, “Gregory Chioniades and Palacologan 
Astronomy,” Dumbarton Oaks Papers 18, 1964, 135- 
160, esp. 188; D. Pingree, “Precession and Trepidation 
in Indian Astronomy Before a.p. 1200,” JHA 8, 1972, 
27-35. 

88 This problem is being investigated by my student 
J. Skold. ' 

*? The only extant works of Sanad known to me are 
his Kitab al-gawd{i* (BM Or. 3577 ff. 329v-335; see Ibn 
al-Nadim, p. 275), his Ff hasr al-gawd{i‘ (BM Or. 3577 ff. 
335-336), and his Ma‘rifat al-hildl wa md fihinna αἷ- 
πᾶν (Bodleian Marsh 663 p. 208). See also Ibn Ytinus, 
Ztj al-Hdkimi, in Caussin de Perceval, “Le Livre de la 
grande Table Hakémite,” Notices et exiraiis des manuscrits 
7, Paris 1803, pp. 16-240, esp. p. 56. 

70 YahyA ibn Ab! Mansfir, originally coming from 
Tabaristan under the name Biztst ibn Firfizin, was the 
principal author of the Zt} al-Mumitahan; see fn. 73 
and also Ibn Ydnus, pp. 56, 62-68, 74, 78, 114-116, 
146, and 230-236. 


Khwarizmt,” and the principal observor at Qa- 
sityfin near Damascus in 831-833 was Khalid ibn 
“Abd al-Malik al-Marwridhi.” Except for Sanad, 
a converted Jew, all of these astronomers came 
from Iran; and each wrote at least one zij. We 
now possess two of these in imperfect form, the 
Ζίϊ al-Mumiahan of Yahya ibn Abi Manstr and 
others and the Zij al-Sindhind of al-Khwéarizmi. 
Let us now examine these in order to assess the 
extent of Greek influence, direct and indirect, on 
each. 

A manuscript of the Escorial claims to con- 
tain the Zij al-Mumiahan of Yahy&, though it 
is clear that only in part does it reproduce that 
work.” The introduction proclaims that Yahyaé 
is following the Almagest with corrections due 
to his own observations made at the Shammasiya 
in Baghdad during the course of a solar year.’* 
Those sections of the Escorial manuscript that 
have been investigated recently and that can be 
confidently attributed to Yahya tend to bear out 
this claim, though only partially. As was noted 
previously, the determination of the value of 
precession—1° in 2/3 of a century—merely con- 
firms an older Indian parameter, and this, then, 
is used to “correct” the mean motions of the 
planets according to Ptolemy.”* The table of solar 
equations is based on a Ptolemaic eccentric model, 
but utilizes a new parameter, 1;59°, for the maxi- 
mum, while the table of lunar equations is equi- 
valent to that in the Handy Tables save that 
an extra column is added allowing the reduction 
of longitudes on the lunar orbit te longitudes on 
the ecliptic; in this extra column the Ptolemaic 
value of the inclination of the lunar orbit, 5°, 


Ἶ Al-Khwarizmf is now the best known scientist of 
al-Ma’miin’s circle. His Ztj al-Sindhind is discussed 
below. 

72 Khalid’s zijes are noted by Kennedy, “Survey,” 
no. 97 (p. 136). 

73 Kennedy, “Survey,” pp. 145-147; J. Vernet, “Las 
*‘Tabulae Probatae’,” Homenaje a Millds-Vallicrosa, 2 
vols., Barcelona 1956, vol. 2, pp. 501-522; E. S. Kennedy, 
“Parallax Theory in Islamic Astronomy,” Isis 47, 1956, 
33-53, esp. 44-46; H. Salam and E. 5, Kennedy, “Solar 
and Lunar Tables in Early Islamic Astronomy,” JAOS 
87, 1967, 492-497; and E 5. Kennedy, “The Solar Eclipse 
Technique of Yahy& b. Abi Mansifr,” JHA 1, 1970, 
20-38. 

74 Vernet, op. cit., p. 508. 

78 See above fn. 68. 
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is not employed, but rather a new value, 4;46°.7¢ 
The planetary equations are taken from Ptolemy 
with the exception of the equation of the center 
of Venus, which is made to be the same as that 
of the Sun.”? The tables for computing solar 
eclipses use 23;519 as the value of the obliquity 
of the ecliptic, a parameter from the Handy 
Tables, but otherwise are based on procedures 
related to, but different from, these of Indian 
astronomers.” The latitude theory is also derived 
from India—evidently through the Sindhind— 
as is also the parameter for the maximum lunar 
latitude, 4;30°; for the other planets the maximum 
latitudes are closer to Ptolemy’s than to the 
Indians’.”* In general, then, for computing plane- 
tary longitudes Yahya is basically Ptolemaic, but 
he depends on the Sindhind and perhaps the 
Shah for methods of solving other problems. 

The Zij al-Sindhind of al-Khwarizmi, on the 
other hand, is largely derived from the works of 
al-Fazari, which it replaced as the main repre- 
sentative of the Sindhind tradition. Though we 
now possess, along with a few fragments of the 
original zij,8° only a Latin translation made in 
1126 by Adelard of Bath of the revision due pri- 
marily to Maslama al-Majriti of Cordoba in ca. 
1000, there is a substantial commentary litera- 
ture which helps us to reconstruct the early ninth 
century state of the text; the principal commen- 
tators are al-Farghdani in ca. 850,82 Aba Ma‘shar’s 


78 Salam and Kennedy, op. cif.; al-Hashimt, secs. 73-74. 
77 Tbn Yonus, pp. 230-236. 
78 Kennedy, “Parallax Theory” and “Solar Eclipse 


Technique.” In his table of solar declinations (Vernet, 
p. 515) Yahy4 gives the obliquity as 23;33¢. 

7 Kennedy, “Survey,” pp. 146 and 173. 

80 Ὁ, Pingree in JNES 29, 1970, 110-111; al-Hashimi, 
secs. 16.2 and 85. Another, brief astronomical text of 
al-Khwifrizm! has been studied by Ἐς 5. Kennedy, “Al- 
Khwdarizm! on the Jewish Calendar,” SAf 27, 1961, 55-59. 

81 A. Bjornbo, R. Besthorn, and H. Suter, Die astro- 
nomischen Tafeln des Muhammed ibn Masd al-Khwd- 
rizmf, Kebenhavn 1914; O. Neugebauer, The Astrono- 
mical Tables of al-Khwdrizmt, Kebenhavyn 1962. See alse 
Kennedy, “Parallax Theory,” 47-51; E. S. Kennedy and 
M. Janjanian, “The Crescent Visiblity Table in al- 
Khwarizmt’s 71j," Centaurus 11, 1965, 73-78; and E. 5, 
Kennedy and W. Ukashah, “Al-Khwd4rizmi’s Planetary 
Latitude Tables,” Ceniaurus 14, 1969, 86-96. 

82 There are fragments in al-Hashimf, sec. 15, in Ibn 
al-Muthanné (see below fn. 84), and in al-Birfint, Rasd’il, 
I 128 and 168, Al-Farghfant was also the author of a 


pupil, Ibn al-Masrfir, in ca. 875,53 and Ibn al- 
Muthanna in the tenth century.* In addition 
many later Andalusian texts belong to this tra- 
dition.8® An analysis of this material shows that 
the models and methods underlying the zij’s ta- 
bular values are with a few exceptions the Indian 
or Indo-Iranian permutations and refinements of 
non-Ptolemaic Greek material as transmitted 
through al-Fazari, including a table of sines; the 
exceptions are the tables of epicyclic anomalies 
at which each planet has its first station,®* the 
tables of right ascension,®’ the table of the equa- 
tion of time,®* and various parameters embedded 
in tables (such as that of the obliquity of the 
ecliptic),®? all derived from the Handy Tables. 
It is clear, then, that astronomy in the time 
of al-Ma’miin developed in two ways: one school 
retained most of the Indian Sindhind tradition 
but supplemented it from the Iranian Shah and 
the Ptolemaic Handy Tables, and the other, while 
accepting the models of Ptolemaic astronomy, 
adjusted the parameters in accordance with its 
own observations, and continued to incorporate 
elements from the Sindhind or Shah wherever 
these seemed “easier” than their Ptolemaic coun- 


summary of Ptolemaic astronomy published by J. Go- 
lius, Amsterdam 1669; see also R. Campani, “Ἢ ‘Ki- 
tab al-Farghani’ nel testo arabo e nelle versioni,” RSO 3, 
1910, 205-252. 

88 MS Taymiriyya, Math. 99; see Ibn al-Nadim, p. 277. 

84 The Latin translation by Hugo of Sanctalla (jl. 
ca. 1130) is edited by E. Mill4s Vendrell, E/ comentario 
de Ibn al-Mutannd’ a las Tablas Astrondmicas de al- 
Jwdrizmi, Madrid-Barcelona 1963; the two Hebrew ver- 
sions, of which one was written by Abraham ben Ezra 
in 1160, by B. R. Goldstein, Jén al-Muthannd’s Com- 
mentary on the Astronomical Tables of al-Khwérizmi, 
New Haven-London 1967. 

85 tn particular one thinks of the recent studies of 
al-Zarqalt (see above fn. 7 and G. J. Toomer, “The Solar 
Theory of az-Zarqal: A History of Errors,” Cenfaurus 14, 
1969, 306-336), al-Jahani (H. Hermelink, “Tabulae Ja- 
hen,” AHES 2, 1964, 108-112), the Toledan Tables 
(G. J. Toomer, “A Survey of the Toledan Tables,” 
Osiris 15, 1968, 5-174), and Abraham ben Ezra (J. M. 
Mill4s Vallicrosa, El libro de los fundamentos de las 
Tablas astronémicas de R. Abraham ibn (Ezra, Madrid- 
Barcelona 1947). 

86 Neugebauer, The Astronomical Tables, Ὁ. 101. 

87 Ibid., pp. 104-105. 

$8 Ibid., Ὁ. 108. 

89 Ibid., pp. 48 and 95-96. 
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terparts. The results were eclectic and internally 
inconsistent astronomical systems, in some re- 
spects permitting more accurate computations than 
would those of al-Fazari or Ya‘qib, but still 
manifesting a basic lack of control over the ge- 
ometric models that lie behind them. This control 
was to come only with al-Battani. 

But preceding al-Batténi’s zij was the work 
of Habash al-Hasib of Marw, who wrote exten- 
sively on the observations made under al-Ma’- 
min” and himself composed several zijes;* he 
is known to have been engaged in observational 
activities between 829 and 864.°* There are two 
manuscripts extant of zijes ascribed to Habash, 
one at Berlin and the other at Istanbul, and 
many later authors discuss his views on various 
topics. A cursory examination of this material 
makes clear that his geometric models are es- 
sentially Ptolemaic, though many of his para- 
meters are taken from the Zi/ al-Mumtahan and 
some of his eclipse-theory from the Sindhind. 
He further introduces many refinements into his 
tables facilitating their practicality, including a 
table of tangents. 


80 Ibn Yanus, p. 160. 

91 Kennedy, “Survey,” nos. 15 and 16 (pp. 126-127) 
and pp. 151-154; A. Sayili, “The Introductory Section 
of Habash’s Astronomical Tables Known as the ‘Dama- 
scene’ Zij,” Ankara Univ, Dilve Tarih-Cograjya Fakiiliesi 
Dergisi 13, 1955, 133-151; E. 5, Kennedy and W. R. 
Transue, “A Medieval Iterative Algorism,” AMM 63, 
1956, 80-83; Kennedy, “Parallax Theory,” 42-43; E. S. 
Kennedy and M. Agha, “Planetary Visibility Tables in 
Islamic Astronomy,” Cenfaurus 7, 1960, 134-140, esp. 
137; Salam and Kennedy, “Solar and Lunar Tables”; 
and FE. 5, Kennedy, “An Early Method of Successive 
Approximations,” Cenfaurus 13, 1969, 248-250. For a 
late eleventh century Greek text which may have been 
influenced by Habash see 0. Neugebauer, Commentary 
on the Astronomical Treatise Par. gr. 2425, Bruxelles 
1969. Many Arabic authors also discuss Habash—e.g., 
Ibn Am&jor as cited by Ibn Yanus, pp. 126-142, al- 
Hashimt, secs. 13 and 74, Abii Nasr Mansir in Rasd'il, 
Hyderabad-Deccan 1948, and al-Mas‘Qdi and al-Birint 
in various of their works. All of these will be investigated 
by J. Skold in his work on Habash. 

#2 Ibn Ydnus, pp. 98-100 and 170-174. There are 
manuscripts of two works of his on Ptolemaic instruments 
noticed in M. Krause, “Stambuler Handschriften isla- 
mischer Mathematiker,” QSi B 3, 1936, 437-532, esp. 
446-447. 7 


At this point in the history of eastern Islamic 
astronomy, with the existence of Arabic versions 
of the Almagest and of the Handy Tabies and with 
the compilation of Yahya’s and Habash’s zijes, 
the predominance of Ptolemy was virtually se- 
cured; the Sindhind and the Shah hecame pri- 
marily of historical interest. But before the pro- 
cess of Ptolemaicization was completed, however, 
the preliminary Greek works on celestial me- 
chanics, the so-called Little Astronomy, were trans- 
lated into Arabic in Syria by IshAq ibn Hunayn,™ 
Thabit ibn Qurra,“ and Qust&a ibn Liga,” with 
the possible participation of al-Kindi.® Ishaq 


83 Ishaq (died 910/11) translated Euclid’s Data (Nasir 
al-Din al-Jést, AMfajma’ al-rasd’il, ἃ vols., Hyderabad- 
Decean 1939-40, no. 1) and Menelaus’ Spherics (also 
connected with al-Mahini; M. Krause, Die Sphdrik von 
Menelaos aus Alexandrien, Géttingen 1936), and colla- 
borated with Thabit in transiating Archimedes’ On the 
Sphere and the Cylinder (al-Tiisi, no 12). See Ibn al- 
Nadim, p. 285, and F. Rosenthal, “Ishaq b. Hunayn’s 
Ta’rth al-atibba’,” Oriens 7, 1954, 55-80. 

94 Thabit of Harran (834-901) corrected IshAq’s trans- 
lations; translated Archimedes’ Lemumata (al-Tas!, no. 10) 
and, with Qusta, Theodosius’ Spherics (al-Tasi, no. 3; 
translated into Sanskrit by Nayanasukhopadhyaya in 
1730); corrected Autolycus' On the Moving Sphere (ai- 
TJast, no 2.) and On Risings and Settings (al-Tast, 
no. 13) (see J. Mogenet, Autelyces de Pitane, Louvain 
1950); and he composed the Data (al-Tasi, no. 9). On 
Thabit’s life see E. Wiedemann, “Uber Tdbit ben Qurra, 
sein Leben und Wirken,” Sitz. Phys.-Med. Soz. Eriangen 
52-53, 1920-21, 189-219 (<= Aufsdtze cur arabischen Wis- 
senschaftsgeschichle, 2 vols., Hildesheim-New York 1970, 
vol. 2, pp. 548-578). For some more of his astronomical 
works see below fn. 100. Some of his mathematical texts 
have recently been published: translations of two Ar- 
chimedean treatises in Rasd‘il Jin Qurra, Hyderabad- 
Decean 1948, and of Nicomachus, edited by W. Kutsch, 
Beirut 1958. 

% Qusta of Ba‘albak (died 912) translated Theodosius’ 
Spherics (with Thabit) and On Habilatiens (al-Tast, 
no. 4), and, perhaps, Hypsicles’ Anaphoricus (al- Taal, 
no. 14; see fn. 96). For Qust&’s life see G. Gabrieli, 
“Nota bibliografica su Qusta ibn Liga,” Rend. R. Ace. 
Lincei 5, Δι, 1912-13, 341-382, and W. H. Worrell, 
“Qusta ibn Luga on the Use of the Celestial Globe,” 
Isis 35, 1944, 285-293. 

86 Al-Kindi (died ca. 875) corrected Qustd‘s transla- 
tion of Hypsicles’ Anaphoricus according te al-Tast, 
no. 14, and the Arabic biographical literature, though 
he is not named in the manuscripts of the pre-Jisf 
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and Thabit were involved as well in a new trans- 
lation of the Almagest from the Greek,” and 
Thabit with the translation of Ptolemy’s Pla- 
netary Hypotheses. Thabit also wrote numerous 
treatises on astronomy;® many of these minor 
tracts exist in Latin translations, of which a num- 
ber have recently been published These works 
of ThAabit demonstrate that he did indeed under- 
stand Ptolemaic astronomy as expounded in the 
Almagest, and also attest to his knowledge of 
Theon’s Handy Tables and the Zij al-Mumtahan. 
These various books and others written by the 
Syrian translators and scholars of the second half 
of the ninth century provided the Arabs with 
a curriculum for instruction in the Ptolemaic 
system, and prepared the way for al-Battant’s 
Ztj al-Sdbi’. 


text used by M. Krause in V. de Falco, M. Krause, and 
O. Neugebauer, Hypsikles. Die Anjangszeiten der Gestirne, 
Gittingen 1966, pp. 61-84. Among other astronomical 
works of al-Kindl is one on the instrument dhat al-shu ‘ba- 
tayn (E. Wiedemann, “Uber eine astronomische Schrift 
von al-Kindt,” Silz. Phys.-Med. Soz. Erlangen 42, 1910, 
294-300 (= Anfsdlze, vol. 1, pp. 660-666), and an epito- 
me of Ptolemaic astronomy based on al-Hajjaj’s trans- 
lation (F. Rosenthal, “Al-Kindi and Ptolemy,” Studi 
orientalistici in onore di Giorgio Levi della Vida, 2 vols., 
Roma 1956, vol. 2, pp. 436-456). 

97 This also was revised by αἱ- Τ δ and exists in many 
manuscript copies. Al-Jast’s recension was translated 
into Sanskrit by Jagann4tha in 1732 under the title 
Siddhdntasamrd{ (edited by R. Sarman, 3 vols., New 
Delhi 1967-69). 

88 B. R. Goldstein, “The Arabic Version”. 

89 Krause, “Stambuler Handschriften,” 453-457. 

100 De anno Solis in F. J. Carmody, The Astrenomical 
Works of Thabit b. Qurra, Berkeley-Los Angeles 1960, 
pp. 63-79 (on the grave deficiencies of Carmody’s book 
see O. Neugebauer in Speculum 37, 1962, 99-103); O. 
Neugebauer, “Thabit ben Qurra ‘On the Solar Year’ 
and ‘On the Motion of the Eighth Sphere’,” PAPAS 
106, 1962, 264-299, esp. 264-289. 

De motu octave spere in Carmody, pp. 102-113; Neu- 
gebauer, 290-299. 

De hiis que indigent exposilione antequam legatur Al- 
magesti in Carmody, pp. 131-139. 

De imaginatione spere et circulorum eius in Carmody, 
pp. 140-144. 

De quantitatibus stellarum εἰ planetarum et proportio- 
ne terre in Carmody, pp. 145-148. 

De figura sectore in Carmody, pp. 159-164. 


For it is al-Battani* who represents the cul- 
mination of this phase in the history of Islamic 
astronomy. He mastered both the Ptolemaic mod- 
els and solutions and also the new trigonometry 
developed from the Sindhind tradition by scholars 
such as Habash. While accepting the Ptolemaic 
cinematic models, however, he acknowledged the 
necessity of improving the Greek parameters by 
means of new observations; he took over many 
of the values established by the astronomers of 
the time of al-Ma’miin, in particular those re- 
corded in the Zij al-Mumtahan, and revised others 
on the basis of his own observations. After al- 
Battani the Ptolemaic character of mathematical 
astronomy in Islam was firmly established, to be 
challenged only by those who were disturbed by 
its incongruency with Aristotelian physics; the 
influence of the non-Ptolemaic systems of India 
and Iran which, though ultimately of Greek 
origin, had been largely transformed in the di- 
rection of mathematical simplification through 
approximative methods, waned everywhere save 
in Spain after contributing little besides trigo- 
nometry to the later phases of Islamic astronomy. 

Greek astronomy, then, or rather several of its 
products, reached Islam by various routes, on 
some of which it was subjected to major modi- 
fications. Through India came a double-epicycle 
model of planetary motion that had been ge- 
nerated by the controversy of the first and second 
centuries between Greek mathematical astrono- 
mers and Peripatetic philosophers. With this 
also came the rudiments of trigonometry; various 
mathematical techniques of approximation; re- 
latively crude theories of eclipses, planetary lat- 
itudes, geographical distances, and so on; and 
a host of new parameters, of which those for the 
mean planetary motions were based on the con- 
ception of universal conjunctions occurring at reg- 
ular intervals over vast periods of time. Through 
Iran came a Sasanian adaptation of some of this 
Greco-Indian astronomy fused with various ele- 
ments of Ptolemaic theory. The mixture of these 
two traditions in the ‘Abb4sid period led to an 
eclecticism characterized by internal inconsis- 
tencies and evident imprecision. In response to 
this unsatisfactory and confused state al-Ma’min 
inaugurated a program of careful translations of 


101 Al-Battanit, a Harranian whose observations were 
made at al-Raqqa between 877/8 and 918/9 and who 
died in 929/30, wrote as his principal astronomical treatise 
the Zij ai-Sdbi’ edited by Nalline. 
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Greek and Syriac texts, and in particular of the 
Almagest and of the Handy Tables; of a moderni- 
zation of the Sindhind tradition; and of new ob- 
servations leading to adjustments of the Ptolemaic 
parameters. Despite the strange aberrations of Abi 
Ma‘shar and the temporarily continuing vitality 
of the Sindhind tradition, scholars in the latter 
half of the ninth century carried on the process 
of the Ptolemaicization of Islamic astronomy. The 
process was completed in the great work of al- 
Battani, which represents a level of control over 
observation and theory that the best astronomers 
in the Muslim world never lost. 

Later developments in Islamic astronomy (aside 
from alterations of parameters, which new ob- 
servations might at any time justify) were not 
generated by mathematical, but by philosophical 
considerations. These developments cannot here 
be adequately explored, but are interesting within 
the context of a discussion of Greek influence 
because they reflect the fundamental incompati- 
bility of Aristotelian physics with Ptolemaic pla- 
netary astronomy. AlI-Bitrdji® and others at- 


105 The main study is now B. R. Goldstein, Al-Bi- 
ἐῶ: On the Principles of Astronomy, 2 vols.. New Ha- 
ven 1971; see also L. Gauthier, “Une réforme du systéme 
astronomique de Ptolémée tentée par les philosophes 


tempted to devise mathematical models that 
would preserve the concentricity of the pla- 
netary orbits, and the School of Maragha™ invented 
geometric devices by which the non-uniform mo- 
tion of the Ptolemaic deferent about its center 
was banished from planetary theory. The com- 
plaints of the Peripatetics and these Muslim re- 
sponses were not without influence on the Western 
astronomers who faced the same problems in the 
Renaissance. 


arabes du xu siécle,” JA 10, 14, 1909, 483-510; the 
edition of the Latin translation (made by Michael Scot 
in 1217) by F. J. Carmody, Berkeley-Los Angeles 1952; 
and B. R. Goldstein, “On the Theory of Trepidation,” 
Gentaurus 10, 1964, 232-247; see also Ἐκ, J. Carmody, 
“Regiomontanus’ Notes on αἰ ΒΗ τα Astronomy,” 
Isis 42, 1951, 121-130. | 

103 τ Roberts, “The Solar and Lunar Theory of Ibn 
ash-Shatir: A Pre-Copernican Copernican Model,” 1515 48, 
1957, 428-432; E. 5, Kennedy and VY. Roberts, “The 
Planetary Theory of ibn ai-Shatir,” Isis 50, 1959, 227- 
235; Ἐς, Abbud, “The Planetary Theory of Ibn al-Sha- 
fir: Reducton of the Geometric Models to Numerical 
Tables,” Isis 53, 1962, 492-499; V. Roberts, “The Planetary 
Theory of Ibn al-Shatir: Latitudes of the Planets,” 
Isis 57, 1966, 208-219; and E. 5. Kennedy, “Late Me- 
dieval Planetary Theory,” Isis 57, 1966, 365-378. 
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Al-Birtinis Knowledge of 
Sanskrit Astronomical Texts 


David Pingree 


The Moslem interpreter of Indian culture best known to the West, Abi 

*|-Rayhan Muhammad al-Biriini, was carried off to Ghazna by Sultan Mahmiid 
in 1018 A.D.! During the course of the following years he gained access to 
the Sanskrit literature current in northwestern India at the time, and made 
_much of it available in Arabic by means of a series of books that he 
published in the late 20s and in the 30s of the eleventh century. In this paper 
I intend to consider the means by which he studied several Sanskrit texts on 
astronomy which were among the most important sources for his knowledge 
of Indian science, and to examine the question of the reliability of his re- 
porting of Indian astronomical and physical theories. 

Al-Biriini was neither the first nor the last Moslem to study Indian as- 
tronomy. There were three paksas (that is, schools of astronomy) whose 

systems—and, in particular, whose parameters and computational tech- 
niques—had been partially familiar to Arabic-reading scholars since the eighth 
‘century A.D.” The brahmapaksa was initiated by the Paitamahasiddhanta of 
the Visnudharmottarapurana’® in the early fifth century, and its influence was 
already felt in Sasanian Iran when the first Zik i Shahriyaran was composed in 
about 450.4 But the brahmapaksa’s most prominent representative was the 
Brahmasphutasiddhanta composed by Brahmagupta at Bhillamala in southern 
Rajasthan in 628." Based mainly upon this text, though including some 
elements from the aryapaksa, was a work, apparently entitled Mahasiddhanta 
(al-Sindhind al-kabir), of which a copy was carried to Baghdad in 771 or 773 
by a member of a delegation from Sind. This Mahasiddhanta was used by 
al-Fazari and of Ya°qiib ibn Tariq’ in their several zijes composed between 
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about 775 and 790, though they also derived some material from the Ptole- 
maic tradition and from the Zik i Shahniyaran of Yazdijird III. The works of 
al-Fazari and of Ya°qub are the bases of the Sindhind tradition of Islamic 
astronomy,® which al-Birtini had studied thoroughly and through which he 
had learned something of Indian astronomy long before his sojoum in the 
Panjab. © 

The second Indian paksa of which elements reached Islam was the 
ardharatrika or midnight-system, initiated by Aryabhata in about 500.? This 
was apparently the foundation of the version of the Pahlavi Zik i Shahriyaran 
that was published under Khusraw Anishirwan in 556;!° much of this zik 
was, naturally, repeated in the similar zik issued under Yazdijird III, probably 
in the 630s, which was translated into Arabic as the Zij al-Shah by al-Tamimi 
toward the end of the eighth century.!! The ardharatrikapaksa was also 
followed by Brahmagupta in his Khandakhadyaka'* written in 665, which, 
with its commentaries, was often cited by al-Biruni in the works that he 
wrote in the years immediately on either side of 1030,!> but whose elements 
also: reached him through the Arabic version made in Sind in 735 and 
published under the title Ζῇ al-Arkand. '* 

Finally, the third of the Sanskrit paksas that we must consider is the 
aryapaksa, also initiated by Aryabhata, in the Aryabhatiya, whose epoch is 
499. Elements of this paksa, as we have noted above, were included in the 
Mahasiddhanta utilized by al-Fazari and by Ya°qub ibn Tariq. There was also 
a metrical Arabic version of at least a part of the Aryabhatiya, published as 
the Ζῇ al-Harqan in 742,'° and a fuller translation, the Ζῇ al-Arjabhar, was 
made, apparently. toward the end of the eighth century, and was used by one 
Abii ’l-Hasan al-Ahwazi.!© 

Al-Biruni was familiar with many of the parameters and siueddiires of 
the brahmapaksa and of both of Aryabhata’s paksas through the medium of 
at least some of these early Arabic translations before he went to India; in 
fact, most of our knowledge of these lost zijes is derived from al-Birtni 
himself. But the Indian systems were not presented in these texts with any 
integrity; their authors generally conflated material from various zijes without 
naming their sources, and thereby offered an extremely distorted and inac- 
curate picture of Indian astronomy. Al-Biruni, through his access to Sanskrit 
texts, certainly increased the knowledge of Indian astronomy among readers 
of Arabic, but, as we shall see, was still unable to avoid many unfortunate 
distortions of these Sanskrit texts. The best translations appear to have been 
those made into Persian by scholars patronized by the Tughlugs in the late 
fourteenth and by the Mughals in the sixteenth and seventeenth centuries, εἰ 
but they enjoyed a very limited circulation only within India. 

As we have mentioned, much of our knowledge of the lost works of the 
two earliest representatives of the Sindhind tradition, al-Fazari and Ya°qub 
ibn Tariq, we owe to al-Biruni, who severely (and usually justly) condemns 
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them for their incompetence in astronomy.!® Occasionally, moreover, he also 
chastises them for misunderstanding their Sanskrit sources—for instance, for 
thinking that the proper name Aryabhata (Arjabhar in Arabic) is a technical 
term meaning “ἃ thousandth part.”!? But we shall see that al-Birini’s own 
control of the highly technical Sanskrit employed in composing metrical 
treatises on astronomy was minimal. One instructive example is found in the 
India, written after he had spent several years studying Indian astronomy.?° 


As regards adhimasa [spelled adimasah in Arabic], the word means “the 
first month,” for adi means “beginning.” In the books of Ya°qub ibn 
Tariq and al-Fazari this name is written padamasah [an early scribal error 
for the correct malamasa}]. Pad means “end” [in fact, it means “foot.” 
Anta means “‘end”’; al-Biruni read alif, nun dal instead of ba’, dal] , and it 
is possible that the Indians call the leap month by both names; but the 
reader must be aware that these two authors frequently misspell or 
disfigure the Indian words, and that there is no reliance on _ their 
tradition. 


In fact, the earlier translators, in this case as in some others, were right, and 

al-Biruni failed to understand two simple Sanskrit words because he read 
them in faulty Arabic transliterations rather than in Nagari. 

And, despite his reputation as a Sanskrit scholar, he surely had no direct 
acquaintance with the Sanskrit originals of the two siddhantas which I wish 
to discuss in some detail; they represent the brahmapaksa and the ardhar- 
atrikapaksa. Al-Birtini did have a copy of the Aryabhatiya, though he did not 
realize it and used it very little:?! his Arabic version of the Karanatilaka, a 
representative of the saurapaksa written by Vijayananda at Varanasi in 966, 
was one of his earliest efforts to have a Sanskrit text translated, apparently 
undertaken in 1026, and is so full of elementary mistakes that its editor 
suspects the hand of a student.7? I would suggest rather that al-Biriin’’s role 
in the production of the Ghurrat al-zijat was confined to that of a sponsor, 
editor, and explicator of some pandita’s incompetent effort. 

The two siddhantas to be considered here are the Brahmasphutasidd- 
hanta of Brahmagupta, which we have already referred to as the principle 
representative of the brahmapaksa, and the later Pauligasiddhanta,”? which 
belongs to the ardharatrikapaksa. This Paulisasiddhanta is now lost save for 
al-Birlni’s citations and fragments of it preserved in the commentaries on 
Brahmagupta’s Khandakhadyaka composed by Prthtdakasvamin”* at 
Sthanesvara (or Sthanvisvara) in the plains northwest of Delhi in 864, by 
Utpala?> in Kashmir in 968, and by Amaraja?® at Anandapura in Gujarat in 
about 1200. It is clear, therefore, that this siddhanta was available in north- 
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western India from the ninth through the twelfth century at least. But we 
know further, from its fragments, that this Paulisasiddhanta also was written 
at Sthanesvara, and that is was already quoted by an eighth-century com- 
mentator named Balabhadra, of whom we shall say more later. In fact, we can 
tentatively localize both Balabhadra and the author of the Paulisasiddhanta in 
the empire of Yasovarman of Kanyakubja, who ruled over the region around 
the Yamuna-Ganges doab from about 725 to 750.27 

But, when al-Birini mentions the Paulisasiddhanta in the On Shadows, 7® 
he names its author “Pulisa al-Yunani’ [Paulus the Greek]; when he men- 
tions him in the India,?? he calls him “Pulisa al-Yunani from the city of 
Sayntra,” and he conjectures that Sayntra is a corruption of Alexandria. This 
is a triply erroneous statement, and a good place to commence our criticism 
of al-Biruni’s misunderstandings of this text. 

The statement concerning Pauliga occurs in a listing of the five zijes of 
the Indians. These are the five siddhantas which gave its name to the Pafi- 
casiddhantika written by Varahamihira at Ujjayini in about 550:°° the Sizya, 
apparently composed by Latadeva in 505 on the basis of the ardharatrika- 
paksa; the Vasistha, written in about 200 on the basis of a Greco-Babylonian 
tradition; the Paulisa and the Romaka, originally fourth or fifth century 
versions of Greek works, but known to Varahamihira in Latadeva’ 5. recen- 
sions; and the Paitamaha or Brahma, composed in A.D. 80 in the tradition of 
the Jyotisavedanga’s adaptation of Babylonian astronomy. Al-Birini did not 
have a copy of the Paticasiddhantika itself, though he knew of some peda 
tions from it in Balabhadra’s commentary on the Brahmasphutasiddhanta** 
and in Utpala’s commentary on Varahamihira’s Brhatsamhita.>*. In the Byha- 
tsamhita Varahamira names the five siddhantas of the Pa¥icasiddhantika,?3 
and al-Biruni evidently used that list in constructing his own. 

But he had some assistance that was not very expert. He states that the 
author of the Vasistha is Visgucandra and that of the Romaka Srisen. Sans- 
krit texts—primarily Brahmagupta, Balabhadra, Prthudaka, and Utpala— 
inform us that Vignucandra composed a Vasisthasiddhanta™ and Srisena a 
Romakasiddhanta®* in about 600, that is, some decades after Varahamihira 
wrote the Pancasiddhantika. Furthermore, al-Biriini identifies Varahamihira’s 
Paitamahasiddhanta, whose epoch we have seen to be A.D. 80, with Brahm- 
agupta’s Brahmasphutasiddhanta, composed more than half a millennium 
later, and Latadeva’s recension of the PauliSasiddhanta with the text written 
more than two centuries later at Sthanesvara. There can be no question that 
he was poorly informed concerning the history of Indian astronomy. 

So much for the first mistake in al-Biruni’s statement. There remain two 
others to be explained—his calling Puliga a Yunani or Greek, and his assertion 
that he comes from Alexandria. It is not difficult to unravel the process by 
which these two errors arose. The pandita wrote out his translation of the 
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Paulisasiddhanta, naturally, in Arabic characters; when he wrote the Arabic 
name of Sthanefvara—that is, Tanisar—he omitted the diacritical marks. So 
al-Biriini misread te’, niin, ya’, sin, ra’ without points as sin, ya’, nin, tg’, 
r@’—Sayntra. Apparently, he was no longer able to consult the translator 
about the correctness of this reading, or he chose not to do so when he was 
composing the Jndia; rather, accepting this mysterious reading and combining 
it with a genuine Indian tradition that the original Paulisa was a Yavana or 
foreigner, he called the author of the later PauliSasiddhanta a Greek from 
Alexandria. 

That modern scholars have, on the basis of this triple error, assumed that 
the Greek astrologer, Paulus of Alexandria, who composed the second edition 
of his Ειἰσαγωγικα in 378, also wrote the original of the Paulisgasiddhanta 
summarized by Varahamihira, is one of the less encouraging results of the 
respect paid to al-Biriini’s alleged control of Sanskrit.*® In a later, and as yet 
unpublished little treatise, the Maqala fi sayr sahmi al-sa“ada wa al-ghayb,>7 
al-Biriini still calls Pulisa a Greek, but correctly reads the name of his city as 
Tanisar. This leads him to suppose either that there was a common source of 
both the Greek and the Indian astronomical systems (an idea reminiscent of 
Abii Ma‘ghar’s strange history of science)**, or that Pulisa had emigrated 
_ from Alexandria to the plains of Panipat. | 

If we now turn to al-Biriini’s quotations from the translation of the later 
Pauligasiddhanta that he inserted in his On Transits, in his India, in his 
. al-Qanun al-Mas“iidi, and in his On Shadows and compare them with the 
original Sanskrit verses that have been preserved by the commentators, we are 
constantly brought to an awareness of the inadequacies of the translator, of 
the ineptness of the interpreter’s explanation of the text, and of al-Biriini's 
tendency to understand the Indian text in the terms with which he was 
familiar—that is to say, those of Ptolemaic astronomy and of Aristotelian 
physics. Let us now consider a few of the many possible examples. 

Almost all of the lengthy computations that al-Birlini in the /ndia and in 
the Qaniin reports as being derived from the Pauliga are certainly the inter- 
preter’s as they would have no place in a Sanskrit siddhanta. In some cases 
al-Birtini himself has caught his pandita’s errors and unjustly attributed them 
to the Pauliga; for example, at one point in the India®? there is a computation 
of the lapsed adhimasas from the lapsed tithis, wherein the translator has 
substituted saura days for tithis, and al-Biriini criticizes the PauliSa, to which 
such an example could not belong. Other errors, however, al-Biriini does not 
notice. In the On Transits,*° in discussing the Paulisa’s computation of the 
equations of the planets, al-Biriini constantly assumes that the maximum 
equation, itself expressed in minutes, is taken to be equal to the radius of the 
epicycle, whereas the preserved Sanskrit verses of the Paulisasiddhanta** cor- 
rectly, for an Indian text, state that the radius of the epicycle is the Sine of 
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the maximum equation. But at one point*? al-Birtni found in the translation 
some obviously mistaken values for the maximum equations of the center of 
the five “‘star-planets.” This leads him to complain: “And as for what is in the 
Indian zijes which we have studied, this is at the utmost of confusion to the 
extent that its measure is not possible. So suspicion turns toward the copies 
which have come to us and toward the interpreter (mufassir) who dictated to 
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This passage suggests the method which al-Biruni followed in his studies 
of Sanskrit astronomical texts. As we have seen before, some of his errors are 
due to his misreadings of an unpointed Arabic manuscript; these indicate that 
his translator was not present when he read the texts. The absence of the 
translator is also indicated by a passage in the On Shadows*? wherein the 
mutarjim is chastised for his failings. On the other hand, in the India** 
al-Biruni criticizes his mufassir for giving him, presumably orally, the wrong 
explanation, of the relation between a muhiirta, which is a thirtieth of a 
seasonal day, and a ghatika, which is a sixtieth of a mean day. Thus, the 
Paulifa reached al-Biruni through a double layer of opaqueness—the rough, 
inaccurate, and interpolated translation of an absent pandita, and the incom- 
petent exegesis of a local mufassir. This twofold removal from the original 
clarifies al-Birtini’s curious statement in one passage of the India:** “Puliga 
says in his siddhanta that Pulisa the Greek says. ..”; the first Pulisa is the 
translator inserting his own comments regarding the text that he has 
translated. 

Al-Biruni’s tendency to comprehend this text, thus rather dimly revealed 
to him, in terms of Greek rather than of Indian science, is evident in his 
discussion of the Paulisa’s alleged physical theories. In the preserved Sanskrit 
verses of the Paulisa,*© the circumference of the orbit of the heavens and its 
radius are given in yojanas; and we are informed by Balabhadra*” that the 
followers of Aryabhata believed that the orbit of the heavens is the limit to 
which the sun’s rays reach. Thus far does the genuine Indian tradition go. But 
al-Birtini claims*® that Puliga believes that the planetary bodies are fiery (that 
is, self-luminous) while the starry sphere is watery (that is, reflective), and 
that the weak solar rays reflected at a great distance from this watery eighth 
sphere produce the blue color of the sky. Such a physical explanation of a 
color-phenomenon is totally foreign to Sanskrit siddhantas and could not 
have been in the Paulisa. 

Utpala quotes from the Paulisasiddhanta:*? 


The earth is formed round like a circle, and is motionless in the bound- 
less sky; it consists of the five mahabhutas. In its middle is Meru, [the 
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home] of the Gods. Above that is the [north] pole in the sky; the circle 
of the constellations, which is bound to it by chords of wind, revolves in 
their risings and settings as they are driven by the wind. 


These verses represent the normal] transformation by Indian astronomers of 
the Puranic cosmology in which Mount Meru rises at the center of a flat, 
circular earth. When Greek mathematical astronomy was introduced into 
India in the third and fourth centuries, it became necessary to regard the 
earth as a sphere suspended in the center of a nesting of planetary and stellar 
spheres in order to be able to operate with the Greek geometric models. While 
accepting this spherical cosmology, Indian astronomers retained Mount Meru 
as the terrestrial north pole and explained the diurnal rotation of the heavens 
by the Puranic mechanism of chords of wind wrapped around the axis of the 
world and pulled by demons. 

But al-Birtini’? claims that-Pulisa could not believe in a material axis 
extending to the sphere of the fixed stars and holding the earth in place in the 
center since he must believe that weights fall to the earth from every direc- 
tion; in other words, he implies that Pulisa subscribes to an Aristotelian 
argument in favor of a geocentric universe. Further, al-Biruni states that 
Pulisa “believes . . . that the motion of what is at the periphery is the cause of 
the non-motion of what is at the center.” This type of argument for the 
immobility of the earth is also Greek rather than Indian. 

We shall shortly consider similar misinterpretations in al-Biruni’s discus- 
sion of passages of Brahmagupta’s Brahmasphutasiddhanta. But here the situ- 
ation is even further complicated by the fact that al-Biruni’s pandita trans- 
lated not just the Brahmasphutasiddhanta, but also the commentary on it 
composed by Balabhadra at Kanyakubja in about 750--and by the fact that 
he usually failed to distinguish in his translation between Brahmagupta’s 
verses and Balabhadra’s exegesis. Though we still possess the whole of the 
_ Brahmasphutasiddhanta in Sanskrit, no manuscripts of Balabhadra’s Bhasya 
are known to exist. However, there do survive three copies, all incomplete, of 
the great commentary on the Brahmasphutasiddhanta written by Prthi- 
dakasvamin at SthaneSvara shortly before 864.°! A close comparison of this 
commentary with the relevant passages in al-Birlni’s Jndia and with some 
sections of Utpala’s Vivrti on Varahamihira’s Brhatsamhita shows that all 
three have depended on Balabhadra’s lost commentary.°* Al-Biruni thereby is 
of great assistance in our efforts to reconstruct this lost eighth-century San- 
skrit text, which is of great importance because of the almost unique interest 
that Balabhadra displayed in the physical model of the universe implied by 
the Indian adaptations of Greek astronomy and in the history of the develop- 
ment of cosmological theories in India. This latter interest is especially 
manifested in his numerous quotations from earlier Sanskrit texts. 
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In fact, it is clear that almost all of the knowledge of the astronomical 
works of Latadeva, Vispucandra, and Varahamihira that al-Biruni demon- 
strates in the /ndia is derived from Balabhadra; a few quotations seem to 
come from Utpala’s commentary on the Byhatsamhita. Furthermore, Bala- 
bhadra is al-Birtini’s main source for information about Aryabhata’s Aryab- 
hatiya. It is true, as has been noted above, that al-Biruni had access to a 
manuscript of the original Aryabhatiya, with a late commentary mentioning 
the later Pauligasiddhanta and Prthiidakasvamin,5° from which one of his 
panditas made some translations, but he unaccountably remained ignorant of 
the fact that this Aryabhata is identical with the one cited by Brahmagupta 
and Balabhadra.>* Therefore, he distinguished them as Aryabhata al-kabir 
and Aryabhata of Kusumapura, an error which has led several modern 
historians of science astray.° 

But rather than follow that desultory path, let us trace al-Birunr's steps as 
he gradually discovered the Brahmasphutasiddhanta. When he wrote the 
Chronology in 1000, he knew something of it through the zijes of al-Fazari 
and of al-Khwarizmi and through the Kitab al-uluf and Zij al-hazarat of Abu 
MaCghar.°© These works were still his sole sources of knowledge of Brahma- 
gupta’s work when he composed the Tahdid al-amakin5" in 1025 and the On 
the Solar Equation®® in, apparently, 1027; his first dated work to indicate a 
more direct acquaintance with the Brahmasphutasiddhanta is the Astrol- 
ogy,>? which he wrote in 1029. When he composed the India in 1030/1031 
his pandita had translated Chapter 21, on the sphere, which was the first in 
Balabhadra’s recension; Chapter 1, on the mean motions of the planets; 
Chapter 11, criticisms of his predecessors; and a sample page of Chapter 20, 
on prosody.®® Little more knowledge is demonstrated in the Qanun of 1031, 
but the On Shadows, which was probably written a little while after the 
India, shows his acquaintance with Chapter 3, on problems of local time, 
local latitude, and the ascendent on the local horizon, and that part of 
Chapter 12 which is concerned with gnomons.°! It also demonstrates that he 
has acquired a translation of part of the Bhagya of Prthtidakasvamin;°? in the 
India he includes Prthiidakasvamin in a list of scholars of whom he only 
knows the names while remaining ignorant of even the titles of their works.°° 
As the citations from the Brahmasphutasiddhanta in his other works are 
relatively meagre, we will restrict our consideration to the India, in which 
dozens of pages allegedly expound the views of Brahmagupta. 

These pages are, unfortunately, full of gross misconceptions and wrong 
translations. As noted above, al-Birlinis pandita did not usually indicate 
where his translation shifted from Brahmagupta to Balabhadra; therefore, 
long passages written by the commentator are erroneously attributed to the 
_ Brahmasphutasiddhanta. Moreover, many passages—especially the verses 
quoted by Balabhadra from earlier works—are improperly understood by the 
translator. And lastly, al-Biriini, as he also did with regard to the Paulisa, 
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attributes to the Indians Greek physical theories and methods of pnetay 
proof. This tendency is particularly regrettable in the light of al-Birini 
criticism of Ibn al-Muqaffa° for making tendentious additions to his Bee 
lation of the Kalila wa Dimna.™ We shall now consider briefly, as one ex- 
ample, what a few verses of the Brahmasphutasiddhanta and their com- 
mentary underwent at the hands of al-Biriini and his panditas. | 

In verses 4-5 of Chapter 21 Brahmagupta says: 


The sphere of the stars, which is bound at the two poles and is driven by 
the pravaha wind, moves at the horizon to the right for the Gods, to the 
left for the Demons. Elsewhere, in every place, (by the amount that) the 
pole is depressed (toward the horizon, the equator of) the sphere of the 
constellations is elevated. At Lanka (on the terrestrial equator, the 
equator of) the sphere is the east-west line, and the two poles are on the 
horizon. 


As was the case with the verse of the Paulisa that was cited earlier, this is 
_ the normal Indian astronomical cosmology based on an adaptation of the 
Puranic flat earth to a Greek spherical universe, and the usual explanation of 
_ the diurnal rotation of the heavens as caused by chords of wind wrapped 

about the axis of that universe. For Balabhadra, as we know from Prthiidaka 
and Utpala,®* these verses are the occasion for a lengthy discussion of the 
nature of diurnal rotation, buttressed by citations from Varahamihira, 
Aryabhata, Paulisa, the Vasistha, and Latadeva. Much of this discussion is 
reproduced by al-Biruni in the India,°® though largely attributed to Brahma- 
gupta himself, interspersed with excerpts from other sections of Balabhadra’s 
commentary, and frequently completely misunderstood. 


Brahmagupta says in the Brahmasiddhanta: “Some people maintain 

that the first motion [from east to west] does not lie in the meridian 

_ [read celestial equator], but belongs to the earth.” But Varahamihira 

refutes them by saying: “If that were the case, would not a bird return to 
its nest as soon as it had flown away from it towards the west?” 


So far, al-Biriini is free from error save that the reference to Aryabhata’s 
theory of the diurnal rotation of the earth and Varahamihira’s refutation of it 
was made by Balabhadra, not by Brahmagupta. Al-Biruni continues: 
“‘Brahmagupta says in another place of the same book: “The followers of 
Aryabhata maintain that the earth is moving and heaven resting. People have 
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tried to refute them by saying that, if such were the case, stones and trees 
would fall away from the earth.’”’ This again is from Balabhadra, not from 
Brahmagupta, and it is from the same, not from another place. The idea is 
that the violence of a diurnal rotation of the earth would hurl objects on the 
earth’s surface into space. But al-Birtini proceeds with a curious Aristotelian 
misinterpretation compounded by a failure to understand Balabhadra’s 
argument: 


But Brahmagupta does not agree with them, and says that that [1.6., 
that stones and trees would fall away from the earth] would not neces- 
sarily follow from their theory, apparently because he thought that all 
heavy things are attracted towards the center of the earth. | 


In other words, al-Biruni thinks that Brahmagupta (whom he mistakenly 
speaks of instead of Balabhadra) argued against the contention that things 
would fly off the earth if it were moving on the grounds of the Aristotelian 
concept of the natural motion of earth and water, the “heavy” elements, 
toward the center of the earth. But, as we learn from reading Prthudaka and 
Utpala, Balabhadra, though he does mention the fact that clods of dirt 
thrown up by students return to the same point on the earth’s surface as an 
argument in favor of the earth’s stability, did not at all contest the argument 
put forward by the opponents of Aryabhata against the diurnal rotation of 
the earth; rather, he added another argument to it in the form of a quotation 
from Varahamihira’s Paficasiddhantika:®" “Another thing: if there were (a 
rotation) of the earth (every) day, bees, geese, flags, and so on would always 
be driven to the west; if it were revolving slowly, how would it revolve (once 
a day)? 

Varahamihira, as did Indian scientists generally, regards the air sur- 
rounding the earth with the objects in it as a stable system which would be 
turned into an eastward flowing stream by the violence of the earth’s rota- 
tion. In order to counter the argument that the movement may be non- 
violent—i.e., slow—he asks how the earth then could rotate daily. Al-Biruni 
omits the principle and repeats a garbled version of the secondary argument: 
“He (that is, Brahmagupta] says: ‘On the contrary, if that [diurnal rotation 
of the earth] were the case, the earth would not vie in keeping an even and 
uniform pace with the minutes of heaven, the pranas of the times.’ ” 

In this paraphrase the words “the minutes of heaven, the pranas of the 
times” are a tautologous explanation of the Sanskrit word “kalasus,” “‘time- 
minutes,” of which there are by definition 21,600 in a day. I assume this 
represents a part of the mufassir’s attempt to explain the text to al-Birini; 
but he remains puzzled, and remarks: “There seems to be some confusion in 
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this chapter, perhaps by the fault of the translator.” 

Another example of confusion. In his commentary on Brahmasphuta- 
siddhanta 21, 3, Balabhadra quotes some verses from Aryabhata, the Vas- 
istha, and Latadeva, stating that the universe is a sphere consisting of the five 
mahabhitas: earth, water, fire, wind, and space.©® We have already con- 
sidered a similar verse from the Paulisa, and it repeats a very common Indian 
concept. But in a passage of the Jndia®? dependent on this section of Balab- 
hadra’s commentary, al-Biruni disastrously misinterprets these verses: 


Aryabhata inquires into the nature of the world, and says that it consists 
of earth, water, fire, and wind, and that each of these elements is spheri- 
cal. Likewise, Vasistha and Lata say that the five elements, that is earth, 
water, fire, wind, and heaven, are spherical. 


By transferring the attribute of sphericity from the universe itself to the five 
mahabhutas, al-Biruni forcibly converts the Indians to a form of Aristotelian- 
ism, to a belief of which they were completely unaware. 

_ Elsewhere in the India al-Birtini attempts to convert Brahmagupta him- 
self to the same belief. The latter writes in Brahmasphutasiddhanta 21, 2: 
“The sphere of the earth, which is formed by the good and bad deeds of 
creatures, is surrounded by the spheres of the Moon, Mercury, Venus, the 
Sun, Mars, Jupiter, and Saturn, and ending with the sphere of the 
constellations.” 

Al-Birunis pandita misunderstood Brahmagupta’s reference to the 
karma, good and bad, of creatures, which forms the earth, and we find in the 
India a partially Moslem, partially Peripatetic interpretation: 79 


Brahmagupta says in the first chapter of the Brahmasiddhanta where he 
enumerates the heavens, placing the Moon in the nearest heaven, the 
other planets in the following ones, and Saturn in the seventh: “The 
fixed stars are in the eighth heaven, and this has been created spherical in 
order to last forever, that in it the pious may be rewarded, the wicked be 
punished, since there is nothing behind it.’’ He indicates in this chapter 
that the heavens are identical with the spheres, and he gives them in an 
order which differs from that of the traditional literature of their creed, 
as we shall show hereafter in the proper place. He indicates, too, that the 
spherical can be slowly influenced from without. He evinces his knowl- 
edge of the Aristotelian notions regarding the spherical form and circular 
motion, and that there is no body in existence behind the spheres. 
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Neither the concept of the eternity of the spheres, nor the idea of the teleo- 
logical cause of the world’s creation by a retributive God, nor Aristotle’s 
theory of the nature of circular motion is in fact to be found in the Sanskrit 
text. 

There are numerous other passages in which the translator failed to 
understand the Sanskrit, or in which al-Biruni gratuitously attributes Peri- 
patetic notions or Greek geometrical proofs to Brahmagupta; an example of 
the mistaken ascription of a geometrical proof is to be found in the several 
pages of the India”! devoted to a rule for computing the apparent diameter 
of the earth’s shadow at the Moon’s distance, in which al-Biriini even claims’ 
to find a lacuna in the manuscript of the Brahmasphutasiddhanta, whereas 
such a proof has no place in an Indian astronomical text, either mula or 
bhasya. 

I hope the evidence so far given is sufficient to convince the reader that, 
at least in the field of astronomy, al-Biruini was not an accurate reporter of 
the contents of the Sanskrit texts which he claims to describe. I also hope 
that two of the reasons for al-Birunrs errors and distortions have been estab- 
lished: his reliance on incompetent translators and explicators necessitated by 
his ὉΠ inability to read the highly technical Sanskrit employed in jyotihsa- 
stra,’* and his uncritical assumption that Indian scientists adhered to the 
doctrines of Aristotelian physics. 

But, in closing I must state that the magnitude of his achievement is little 
lessened by these flaws. From the point of view of his Moslem contem- 
poraries, his knowledge of Indian astronomy was unique. And from our point 
of view, his accounts of the lost siddhantas of Vijayananda and of Pauliga, 
and of the Bhasya of Balabhadra, though now we know with what caution we 
must use them, are invaluable contributions to our knowledge of the Indian 
astronomical tradition. 
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OR almost seven centuries following the publication of the commentary 

on the Handy Tables of Theon by Stephanus of Alexandria! little interest 

was shown in mathematical astronomy in Byzantium. It is true that, in 
the ninth century, under the leadership of Leo the Mathematician,? the text 
of Ptolemy’s Almagest was studied and copied,? and that scholars in the 
eleventh and twelfth centuries had learned something of Arabic science. But 
it seems improbable that many, save perhaps the astrologers, had the moti- 
vation or the training necessary for an attempt to understand more than the 
most elementary principles of the motions of the celestial spheres; and even the 
astrologers really needed nothing beyond an ability to manipulate tables. 

This neglect continued into the thirteenth century, both at Nicaea and in 
Constantinople after it had been recovered from the Latins. But the beginnings 
of a revival of astronomical studies can be traced to the early decades of this 
century when a few scholars sought to sustain Greck learning under the 
patronage of John III Vatatzes (1222-1254) and Theodore II Lascaris 
(1254-1258). 

Nicephorus Blemmydes,’ who taught at the Imperial court from 1238 to 1248 
and whose pupils included George Acropolites,> reawakened an interest in 
ancient Greek science which had been virtually dead since the time of Michael 
Psellos* in the eleventh century. His Epitome physica’ is a completely un- 
original book, and its treatment of astronomy (chapters 25-30) is pitifully 
inadequate. He has very little that is sensible to say about planetary theory; 
but he does demonstrate that he has read Aristotle, Cleomedes, and Euclid 


1 See H. Usener, De Stephano Alexandrino (Bonn, 1880), pp. 33-54, reprinted in his Kleine Schrifien, 
3 (Leipzig-Berlin, 1914), pp. 289-319, and PAbbé Halma, Πτολεμαίου καί Θέωνος Πρόχειροι Kavoves, 3 
(Paris, 1825), pp. 101-112; see also G. Sarton, Introduction to the Hislory of Science, 1 (Baltimore, 
1927), PP. 472-473. 

@See J. L. Heiberg, “Der byzantinische Mathematiker Leon,” Bibliotheca Mathematica, NF 2 
(1887), pp. 33-36; Sarton, 1, pp. 554-555; and E.E. LipSic, ““Vizantijskij u¢enyj Lev Matematik,”’ 
Visantyskt Vremennik, N.S., 2 (1949), pp. 106-149. 

3 Heiberg in his edition of the Almagest (Leipzig, 1898--1903) lists three ninth-century manuscripts 
(Par. gr. 2389, Vat. gr. 1291, and Vat. gr. 1594), one of the tenth (Marc. gr. 313), one of the twelfth 
(Vat. gr. 180), two of the thirteenth (Par. gr. 2390 and Vat. gr. 184), and two of the thirteenth or 
fourteenth (Marc. gr. 311 and Vat. gr. 1038). 

4 See K. Krumbacher, Geschichte der byzantinischen Literatur, 2nd ed. (Munich, 1897), pp. 559-554; 
Sarton, 2 (1931), p.9g71; and H.-G. Beck, Kirche und theologische Literatur im byzantinischen Retch 
(Munich, 1959), pp. 671-673. For an example of his astronomical wisdom, see J. B. Bury, “An Un- 
published Poem of Nicephorus Blemmydes,” BZ, τὸ (1901), pp. 418-424 and P. N. P(apageorgiu), 
“Zu Nikephoros Blemmydes, B. Z. X 419 (Bury),”’ zbid., p. 545. 

§ See ISrumbacher pp. 286-288; A. Heisenberg, Georgii Acropolitae opera, 2 (Leipzig, 1903), pp. 
TIt-X1IL; Sarton, 2, pp. 1113-1114; and Beck, pp. 674-675. 

6 See ©. Zervos, Un philosophe néoplatonicien du ΧΑ 15 siécle, Michel Psellos (Paris, 1920), On By- 
zantine education in general, see Ἐς Fuchs, Die héheren Schulen von Konstantinopel im Muttelalter, 
Byzantinisches Archiv, 8 (Leipzig-Berlin, 1926); for its condition under Psellos, see L. Bréhier, 
“L’enseignement supérieur ἃ Constantinople dans la derni¢re moitié du X1¢ siécle,”’ Revue internationale 
de Venseignement, 38 (1899), pp. 97-112. Aristotle, of course, continued to be taught until the fall of 
the capital in 1204. 

7 Edited in PG, 142, cols. 1005-1302. What is printed as the last chapter (cols. 1303-1320) is, in 
fact, Nicephorus’ commentary on the eighth Psalm; it is different from what is given in col. 1357 ff., 
which seems to be by Euthymius Zigabenus. 
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with some comprehension, and he observed at least one lunar eclipse, that 
of 18 May 1258.8 

An account? of an observation of a solar eclipse by his pupil George Acropo- 
lites in the company of the Imperial court on 3 June 1239 reveals the intellectual 
atmosphere in which Nicephorus was working. The Empress Irene asked 
Acropolites, then only twenty-one years old, what had caused this phenomenon. 
He, though he had just begun his studies under Blemmydes, was able to reply 
correctly that the Moon was interposed between the Earth and the Sun. The 
court physician, Nicolaus, scoffed at this ridiculous response, and the Empress, 
trusting her doctor, called Acropolites a fool. She quickly regretted her use of 
this derogatory term, not because she realized the correctness of Acropolites’ 
explanation, but because she considered it improper to insult one engaged in 
philosophical studies. Two years later the Empress died; the philosopher 
seriously suggests that the eclipse was a portent of that unfortunate event, 
as was also the appearance of a bearded comet. It was Acropolites who, after 
the capture of Constantinople by Michael VIII Palaeologus in 1261, restored 
mathematics to the capital; he taught Euclid and Nicomachus to George 
(later Gregory) of Cyprus and others.!° 

Among his pupils was, apparently, George Pachymeres,!! a man who 
progressed much further in astronomical studies than had his teacher. Pachy- 
meres’ knowledge of this subject is, naturally, set forth in the fourth book of 
his Quadrivium.™ To a large extent this consists of elaborate instructions for 
the multiplication of sexagesimal numbers, a procedure he regarded as in- 
credibly difficult, a discussion of the risings, settings, and culminations of 
various constellations, and a number of the fundamental doctrines of astrology, 
many of which are also found in the Epitome physica of his mentor’s mentor. 
He is capable of such improbable statements as: ““They say that a yearly 
revolution of the Sun takes place in 365 degrees (μοίραις for ἡμέραις), 14 minutes, 
and 48 seconds’’; but his planetary theory is far more complete than that of his 
predecessor, and he himself is far from being confused about everything. 

George of Cyprus’ friend John Pediasimus* continued Blemmydes’ study 
of Cleomedes’ Κυκλικὴ θεωρία μετεώρων, on which he wrote a commentary; and 


8 27, 15 (col. 1265). , 

® George Acropolites, Χρονικὴ συγγραφή, 39 (pp. 67-68, Bonn; 1, pp. 62-64, Heisenberg). 

10 See George of Cyprus’ autobiography in W. Lameere, La tradition manuscrite de la correspondance 
de Grégoive de Chypre, Etudes de philologie, d’archéologie et d’histoive anciennes publiées par I’ Institut 
Historique Belge de Rome, 2 (Brussels-Rome, 1937), p. 185; on George of Cyprus, see Krumbacher 
Pp. 476-478 and Beck pp. 685-686. 

11 See Krumbacher, pp. 288-291; Sarton, 2, pp. 972-973; and Beck, p. 679. 

12 Edited by P. Tannery and E. Stéphanou, Studi e Testi, 94 (Vatican City, 1940). The quotation 
is from 4, 7 (p. 364). 

18 See Krumbacher, pp. 556-558; Sarton, 3 (1947), pp. 682-683; V. Laurent in Echos d’orient, 31 
(1932), pp. 327-331; and Beck, pp. 710-711. For his harmonic interpretation of seven- and nine-month 
births, see V. de Falco, “‘L’aritmologia pitagorica nei Commenti ad Esiodo,” Rivista indo-greco-italica, 
7, 3/4 (1923), pp. 25-54 and In Ioannis Pediasimi libellum de partu septemmestri ac novemmestri non- 
dum editum (Naples, 1923); F. Cumont, “L’opuscule περὶ ἑπταμήνων καὶ ἐννεαμήνων,᾽᾽ Revue belge de 
philologie, 2 (1923), pp. 5-21; and J. L. Heiberg in BZ, 25 (1925), pp. 145-146; cf. also Psellos’ tract 
on the same subject edited by S. Weinstock in Catalogus codicum astrologorum Gyraecorum, 9, 1 
(Brussels, 1951), pp. 101-103. 
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other mathematicians of this period were Maximus Planudes,!4 who composed 
one of the first treatises on Indian numerals in Byzantium™ and an exegesis 
of the first two books of Diophantus,!¢ and his pupil Manuel Moschopulus, who 
wrote the first Western treatise on the construction of magic squares.!? But 
a scholar more directly interested in the study of mathematical astronomy 
was Planudes’ friend Manuel Bryennius,!® whose only surviving work is on 
harmonics, but who is praised by Theodore Metochites!® as his initiator into 
the secrets of the heavens in 1314. 

Metochites, besides being the most powerful courtier in the empire of 
Andronicus II, was one of the most intelligent men in Byzantium. With some 
assistance from Bryennius, but mainly through his own efforts, he succeeded 
in mastering the Μεγάλη σύνταξις, a feat of which he was justifiably proud and 
which astounded his contemporaries.”° His success had two immediate results: 
the publication of several treatises on Ptolemaic astronomy, of which the most 
impressive is the Στοιχείωσις and commentary on the Almagest, and the instruc- 
tion of his brilliant pupil Nicephorus Gregoras.*! Thus he raised the level of 
sophistication in Byzantine astronomy to a height it had not attained for 


centuries. 

Gregoras continued Metochites’ method of simply trying to understand and 
explicate the classical texts in his works on eclipses and the astrolabe?2—-sub- 
jects in the exposition of which, as in almost everything, he was opposed by 


14 See Krumbacher, pp. 543-546; Sarton, 2, pp. 973-974; C. Wendel, ‘“‘Planudea,’’ BZ, 40 (1940), 
pp. 406-445; and Beck, pp. 686-687. 

15 It would seem that Indian numerals were known in Byzantium by the twelfth century (see P. 
Tannery, “1.65 chiffres arabes dans les manuscrits grecs,’’ Revue archéologique, 3rd Ser., 7 [1886], pp. 
355-360 reprinted in his Mémoires scientifiques, 4 [Toulouse—Paris, 1920], pp. 199~205). But, as there 
is no evidence that the scholium of the monk Neophytus (P. Tannery, “‘Le scholie du moine Néophytos 
sur les chiffres hindous,’’ Revue archéologique, 3rd Ser., 5 [1885], pp. 99-102 reprinted in Mém. Sc., 4, 
pp. 20-26) was written before Planudes’ Yngogopia κατ᾽ Ἴνδους (edited by C. I. Gerhardt, Das Rechen- 
buch des Maximus Planudes (Halle, 1865]), the latter must be accepted as the earliest text on the 
subject to survive in Greek. 

16 Fdited by P. Tannery in Diophanti Alexandrini opera omnia, 2 (Leipzig, 1895), pp. 125-255. 

17 See Krumbacher, pp. 546-548; P. Tannery, “1.6 traité de Manuel Moschopoulos sur les carrés 
magiques,”’ Annuaire de l’ Association pour l’Encouragement des Etudes Grecques en France, 20 (1886), 
pp. 88-118 reprinted in Mém. sc., 4, pp. 27-60; and Sarton, 3, pp. 679-681. The most recent treat- 
ment of the history of magic squares is that of 5. Cammann, ‘‘The Evolution of Magic Squares in 
China,’’ Journal of the American Oriental Society, 80 (1960), pp. 116-124. 

18 See Krumbacher, p. 599 and Sarton, 3, pp. 745-746. 

19 See K.N. Sathas, Μεσαιωνικὴ Βιβλιοθήκη, 1 (Venice, 1872), pp. 1’—pAn’; Krumbacher, pp. 550-554; 
R. Guilland, “1,65 poésies inédites de Théodore Métochite,’’ Byzantion, 3 (1926), pp. 265-302 reprint- 
ed in his Etudes byzantines (Paris, 1959), pp. 177-205; Sarton, 3, pp. 684-688; I. Sevéenko, ‘“‘Obser- 
vations sur les recueils des discours et des poémes de Th. Métochite et sur la bibliothéque de Chora a 
Constantinople,’’ Scriptorium, 5 (1951), pp. 279-288; H. Hunger, ““Theodoros Metochites als Vorlaufer 
des Humanismus in Byzanz,” BZ, 45 (1952), pp. 4-19; H.-G. Beck, Theodoros Metochites (Munich, 
1952); R. J. Loenertz, “Théodore Métochite et son pére,” Archivum Fratrum Praedicatorum, 23 
(1953), pp. 184-194; J. Verpeaux, “1,8 cursus honorum de Théodore Métochite,”” Rev. ét. byz., 18, 
(1960), pp. 195-198; and I. Sevéenko, Etudes sur la polémique entre Théodore Métochite et Nicéphore 
Choumnos, Corpus Bruxellense Historiae Byzantinae, Subsidia, 3 (Brussells, 1962). 

20 Sathas Ὁ. x’, note 3. 

21 Guilland, Et. byz., pp. 180-186. On Gregoras, see R. Guilland, Essai suv Nicéphore Grégoras. 
L’homme et l’oeuvre (Paris, 1926), and Correspondance de Nicéphore Grégoras (Paris, 1927); Sarton, 3, 


PP. 949-953; and Beck, pp. 719-721. 
22 The two treatises on the astrolabe are edited by A. Delatte, Anecdota Atheniensia et alia, 2 


(Paris, 1939), pp. 195-235. 
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Barlaam of Calabria.2? Only in regard to the calendar did Gregoras claim 
to have achieved a better result than had his ancient predecessors. Ptolemy, 
following Hipparchus, had found that the length of a tropical year was 6,5; 
14,48 days; Gregoras claims that he himself, by observation, had discovered 
that it is not quite so long. Isaac Argyrus,” in recording this discovery, states 
that the correction required is obtained by subtracting τὲς of a day from the 
Ptolemaic figure, or about τίν of a day from 3654days. This amounts to 
adding 0;0,18° per year to the Ptolemaic value of precession, 0;0,36°, a pro- 
cedure which yields the result 0;0,54° per year. As Isaac remarks, the “‘Per- 
sians’ had already arrived at this conclusion. It is the well-known parameter 
of 1° of precession every 66 years which is ascribed to οἱ νεώτεροι by Simeon 
Seth in the eleventh century.** The same parameter is found in a scholium to 
Pappus Prolegomena to the Almagest discovered by Tannery;?’ as this 
scholium refers to ephemerides which began with 1 March 1032 and attributes 
the parameter in question to οἱ νεώτεροι, its author may well be Simeon. The 
scholium correctly refers to the observation of the autumnal equinox by 
Yahya ibn Abi Manstr under the Caliph al-Ma’min on 19 September 830, 
but does not realize that the value of precession arrived at can actually be 
traced back to Latadeva’s version of the Stiryasiddhanta (A.D. 505) and the 
lost work of Manittha (Μανέθων ?) .?8 

Simeon Seth also refers to a precession of 0;0,54° per year in an unpublished 
text in a fourteenth-century manuscript, Vat. gr. 1056, which is a copy of a 
twelfth-century codex.?® This text occurs among a collection of five star- 


3 See Krumbacher, pp. 102 and 625; Sarton, 3, p. 583; and Beck, pp. 717-719. 

24 “Ῥωμοϊκὴ ἱστορία, 8, 13 (1, pp. 364-373, Bonn). 

35 His work on the computus, written in 1373, is edited by Ὁ. Petavius, Uvanologion (Paris, 1630), 
PP. 359-383; the passage referred to is on page 381 (cf. also p. 382). It is reprinted in PG, 19, cols. 
1279-1316. On Isaac, see G. Mercati, Notizie di Procoro e Demetrio Cidone, Manuele Caleca e Teodoro 
Melitentota, ed altvi appunti per la storia della teologia e della lettevatuva bizantina del secolo XIV, Studi 
e Testi, 56 (Vatican City, 1931), pp. 233-236 and passim; Sarton, 3, pp. 1511-1512; and Beck, pp. 729-730. 

26 In Περὶ χρείας τῶν οὐρανίων σωμάτων, 70, in Delatte, p. 124. For Simeon, see Krumbacher, pp. 
615 and 896 and Sarton, 1, p. 771; for a peculiarity in his astronomical terminology, see M. V. Anastos, 
““Ytroyeios, a Byzantine term for perigee, and some Byzantine views of the date of perigee and apogee,”’ 
Orientalia Christiana Periodica 13 (Miscellania Guillaume de Jerphanion) (1947), pp. 385-403. 

27 P. Tannery, “1.68 éphémérides chez les byzantins,”’ Bulletin des sciences mathématiques, 2nd Ser., 
30 (1906), pp. 59-63 reprinted in Mém. sc., 4, pp. 289-293. The whole scholium has now been edited 
by J. Mogenet “Une scolie inédite du Vat. gr. 1594 sur les rapports entre l’astronomie arabe et Byzance,”’ 
Osivis, 14 (1962), pp. 198-221; the passage referred to is on p. 209. 

8 The account by T.-H. Martin in his Mémoire sur cette question: La précession des équinoxes a-t-elle 
été connue des égyptiens ou de quelque autve peuple avant Hipparque? (Paris, 1869), pp. 179-188, is 
based entirely on H. T. Colebrooke, ‘‘On the Notion of the Hindu Astronomers concerning the Preces- 
sion of the Equinoxes and Motions of the Planets,” Asiatic Reseayches, 12 (1818), pp. 211-252, re- 
printed in his Miscellaneous Essays, 2 (London, 1837), pp. 374-416. The account given by P. Duhem 
in his Le systéme du monde, 2 (Paris, 1914), pp. 212-214 and 223-226, is a rather confused version of 
Martin. I have found in a manuscript (3166 of the Oriental Research Institute, Mysore) of an early 
ninth-century commentary by Govindasvamin on the Uttarakhanda of the BrhatpdrdgarahordsAstra 
a passage which considerably clarifies the Indian tradition and raises the possibility that the Indian 
theories of precession and trepidation are derived from a Greek source. 

ὅ9 It gives horoscopes for the coronations of Alexius I Comnenus in 1081 and of Manuel I Comnenus 
in 1143. On folio 6 is a horoscopic diagram beneath which is written: Mnvi Μαρτίῳ λα΄ ἡμέρᾳ δ’ ἰνδικτιῶνος 
ς΄ ἔτους ςχνα΄ γέγονεν ἡ ἀναγόρευσις τῆς βασιλείας τοῦ κραταιοῦ καὶ εὐσεβοῦς ἡμῶν βασιλέως τοῦ Πορφνυρογεν- 
νήτου κυροῦ Μανουῆλ τοῦ Κομνηνοῦ εἰς Μάμισταν. ἡ δὲ τελευτὴ τοῦ τρισμακαρίστον ἀοιδίμου βασιλέως καὶ 
πατρὸς αὐτοῦ κατὰ τὸν η΄’ τοῦ ᾿Απριλλίου ἡμέρᾳ ε΄ τῆς αὐτῆς ἰνδικτιῶνος. At the bottom of the page, in ἃ 
different hand, is τυτιτίθη : Μηνὶ Σεπτεμβρίῳ κδ΄ ἡμέρᾳ δ΄ ἰνδικτιῶνος δ' ἔτους ςχπη γέγονεν ἡ τελευτὴ τοῦ 
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catalogues (fols. 30’-33) derived from the Zij al-Hakimi,2° Kiashyar bin 
Labban,*! the Egyptians,®? and Aba Ma‘shar,?? as quoted in the Kitab al- 
Mughni of Ibn Hibinta.*4 The catalogues are dated respectively in 1156, 1161, 
probably 1142, 1161, and 1148; the longitudes of the stars are fairly con- 
sistently computed by allowing a precession of 1° for every 66 years from the 
time of Ptolemy. Thus it is clear that Gregoras’ observations, if he really made 
any, merely confirmed a parameter which had been known in Byzantium for 
at least two and a half centuries. 

The final figures in this conservative tradition of astronomy are Nicolaus 


tTplopaKapiotou Kal ἀοιδίμου βασιλέως ἡμῶν κυροῦ Μανουῆλ τοῦ Κομνηνοῦ τῷ τῶν μοναχῶν μετασχηματι- 
σϑέντος σχήματι καὶ [μετὰ] μετονομασθέντος. ἐν τῷ μέσῳ δὲ τοῦ AU’ ἔτους τῆς βασιλείας αὐτοῦ γέγονεν ἡ τούτου 
τελευτή. I list below the longitudes of the planets as given in the horoscope and those computed for 
31 March 1143 at ca. 10 A.M.: 


Horoscope Computation 
Saturn Aries 6;0 Aries 3 
Jupiter Aquarius 9315 Aquarius 8 
Mars Leo 9336 Leo 5 
Sun Aries 16352 Aries 16 
Venus Pisces 22;28 Pisces 21 
Mercury Aries 16;8 Aries 4 
Moon Libra 134 Libra o 
Ascendent Gemini 25 c. 10 A.M. 


On folio 7, beneath another horoscopic diagram, is the text: Mnvi ᾿Απριλλίῳ α΄ ἡμέρᾳ ε' ἰνδικτιῶνος 
δ΄ ἔτους ςφτθ΄ εἰσῆλθεν ὁ βασιλεὺς κῦρος ᾿Αλέξιος εἰς TOV παλάτιον, καὶ ἀνηγορεύθη. I give below the positions 
according to the horoscope and according to my computations for ca. 10 A.M. of 1 April 1081: 


Horoscope Computation 
Saturn Aquarius 26;40 Aquarius 28 
Jupiter Scorpio 10;50 Scorpio 11 
Mars Leo 19343 Leo 21 
Sun Aries 18;22 Aries 18 
Venus Aries 27332 Aries 26 
Mercury Aries 22534 Aries 24 
Moon Sagittarius 28;53 Sagittarius 18 
Ascendent Gemini 10 c. 10 A.M. 


Below this is yet another horoscope with the inscription: τὸ τοιοῦτον θεμάτιόν ἐστι τῆς TOU βασιλέως 
᾿Αλεξάνδρου ἐξελεύσεως, I have not been able to date this successfully. The longitudes given in the 
diagram are as follows: 


Horoscope 
Saturn Virgo 22;16 
Jupiter Leo 1232 
Mars Capricorn 19355 
Sun Scorpio 10;30 
Venus Scorpio 9;20 
Mercury Scorpio 13;40 
Moon not given 
Ascendent Scorpio 10;0 


80 The Zij al-Kabir al-Hakimi was written by Ibn Yinis in Cairo ca. 990; see E. 5. Isennedy, A 
Survey of Islamic Astronomical Tables, Transactions of the American Philosophical Society, N.S., 46, 
2 (Philadelphia, 1956), no. 14. 

81 Kashyar wrote ca. τοῖο the Zij al-Baligh (Kennedy no. 7) and the Zij al- Jami‘ (I<ennedy no. 9 
and pp. 156-157). 

32 Perhaps Ibn Yinis is being referred to again. 

33 Abti Ma‘shar (787-886) was the most important astrologer of his time. It was mainly through 
him that Islam, and thereby Byzantium, learned something of Indian and Sasanian astrology; see my 
papers ‘‘Historical Horoscopes,” JAOS, 82 (1962), pp. 487-502 and “Astronomy and Astrology in 
India and Iran,’’ Isis, 54 (1963), pp. 229-246. 

34 Ibn Hibinta’s Kitab al-Mughni was written in 941; see C. Brockelmann, Geschichte dey avabischen 


Literatur, 1 (Leiden, 1943), p. 252. 
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Cabasilas,2> the Hesychast mystic, who wrote a long-winded but intelligent 
commentary on the third book of the Μεγάλη σύνταξις,36 and Theodore Me- 
liteniotes,?” perhaps a relative of Metochites, who explains the astrolabe and 
Ptolemaic astronomy in the first two books of his ᾿Αστρονομικὴ τρίβιβλος, written 
before 1368. As far as has been determined at present this school of astronomers 
added nothing new to their classical heritage except for Gregoras’ realization 
that the “new” parameter for the length of the tropical year necessitated a 
reform of the calendar. But their explication of texts was carried on at a fairly 
high level of comprehension. 

The spirit of the late thirteenth and early fourteenth century in Byzantium 
within a certain group of intellectuals was one of immense pride in the great 
tradition of which the Empire was the heir and which it was her duty to 
safeguard from barbarization. Even Metochites, for all his zeal to achieve 
classicism (most evident in the hexameters of his verses), was criticized by 
Nicephorus Chumnos for the error of contradicting Plato in his astronomical 
theories.3® Since he was raised in such an atmosphere, one might guess that one 
of Metochites’ aims in writing the Στοιχείωσις was to demonstrate the superiority 
of Ptolemaic astronomy over its rivals. In the introduction to that work he has 
a hypothetical colleague exclaim,®® “Be a Greek, and shun the theories of the 
Indians, the Scythians, or the Persians, or any other foreign ideas!’ This 
command certainly reflects the attitude of many Byzantines in the early 
decades of the fourteenth century toward those who, like Maximus Planudes, 
were familiar with foreign astronomical texts. The problem now is to identify 
these texts. 

Professor Neugebauer has shown*® that a treatise preserved on folios 
232-285" of Par. gr. 2425, a manuscript of the fifteenth century, is an ex- 
position of methods of solving astronomical problems derived from an Islamic 
source, perhaps one of the zijes of Habash al-Hasib.*4 Besides the common 
Arabic values for the obliquity of the ecliptic (23;35°) and the maximum 
latitude of the Moon (4;46°), it utilizes the value of R (150) which appears 
in Brahmagupta’s Khandakhadyaka* and many early Islamic zijes influenced 
by that work. The Byzantine text, as Neugebauer proves, was written between 
1072 and 1086. 

But Metochites must have been referring to something more extensive than 
the text in the Paris manuscript, and to something more immediate. George 


35 See Krumbacher, pp. 158-160; Sarton, 3, pp. 1438-1439; and Beck, pp. 780-783. 

36 Edited by I. Camerarius, KA. Πτολεμαίου Μεγάλης Συντάξεως BiBA. ry (Basel, 1538), pt. 2, pp.131-194. 

37 See H. Usener, Ad historiam astronomiae symbola (Bonn, 1876), pp. 8-21 reprinted in K1. Schr., 
3, Pp. 330-349; Krumbacher pp. 623 and 625; Mercati pp. 172-191; Sarton, 3, pp. 1512-1514; and 
Beck, p. 792. 

88 On the conflict between Chumnos and Metochites see, besides Sevéenko’s Etudes sur la polémique, 
his “1.8 sens et la date du traité ‘Anepigraphos’ de Nicéphore Chumnos,” Bull. de l’Acad. roy. de 
Belgique, Classe des Lettves, 5th Ser., 35 (1949), pp. 473-488, and J. Verpeaux, Nicéphore Choumnos 
(Paris, 1959), pp. 52-62 and 151-170. 

89 Sathas, pp. πη΄ -πθ΄. 

40 In a paper which has not yet been published. 

41 See Kennedy nos. 15, 16, and 39 and pp. 151-154. 

* Khandakhadyaka 3, 8 in the edition of Babua Misra (Calcutta, 1925); 1, 30 in that of P.C. 
Sengupta (Calcutta, 1941). 
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Chrysococces** tells us what it was. In the introduction to his Ἐξήγησις εἰς τὴν 
σύνταξιν τῶν Περσῶν, written in or shortly after 1347, he says, in summary: 
“T studied Persian astronomy with a priest from Trebizond named Manuel. 
He reported that a certain Chioniades, who had been raised in Constantinople, 
fell in love with mathematics and other sciences. After he had mastered 
medicine,** he wished to study astronomy; he was informed that, in order to 
satisfy his desire, he would have to go to Persia. He traveled to Trebizond, 
where he was given some assistance by the Emperor Comnenus, and thence 
proceeded to Persia itself, where he persuaded yet another Emperor to aid 
him. He eventually learned all that he wished to know, and returned to 
Trebizond, bearing away from Persia a number of astronomical texts which 
he translated into Greek. The best of these texts had no commentary; the 
present ἐξήγησις fulfills the need for one.”’ 

Sixteen of the letters of Gregory Chioniades have been preserved in a 
manuscript in Vienna.4® From these we learn that he did indeed travel to 
Persia—in fact to Tabriz, the Mongol capital, where he was Orthodox Bish- 
op**—and that he received some assistance from the Emperor of Trebizond, 
Alexius II Comnenus (1297-1330). 

In several Greek manuscripts of the early fourteenth century translations 
of Arabic or Persian astronomical works are found. Vat. gr. 211 (V), which 
was written before 1308,4’ contains versions of the Zij as-Sanjari of ‘Abd 
ar-Rahman al-Khazini (ca. 1120), the Greek freedman of a judge in Marv,*® 
the Zij al-‘Ala’i of ‘Abd al-Karim ash-Shirwani al-Fahhad (ca. 1150),*® a short 


43 See I. Bullialdus, Astronomia philolaica (Paris, 1645), Tabulae philolaicae, pp. 211-232; H. 
Usener, Ad historiam, pp. 23-37 reprinted in Ix. Schr., 3, pp. 350-371; Lampros in Νέος Ἑλληνομνήμων, 
15 (1921), pp. 332-336; U. Lampsides, ‘‘George Chrysococcis, le médecin, et son oeuvre,” BZ, 38 
(1938), pp. 312-322; and Sarton, 3, p. 688. No account of Chrysococces is reliable. 

44 In Ambr. 693 (Ὁ 94 sup.), a manuscript of the fifteenth or sixteenth century, on folios 336-347, 
is a text entitled: ᾿Αντίδοται ἐκ Περσείας κομισθεῖσαι καὶ ἐξελληνισθεῖσαι παρὰ τοῦ φιλοσοφωτάτου καὶ 
ἰατρικωτάτου κυροῦ Γεωργίου τοῦ Χιονιάδουν. George Choniates (Sarton, 3, p. 438), whose name is the 
lectio facilior, must be fictious; but is George Chioniades the same as Gregory ? 

45 Edited by ’I. B. Παπαδοπούλου, “Tpnyopiou Χιονιάδου τοῦ ἀστρονόμου ᾿Επιστολαί,᾽᾿ ᾿Επιστημονικὴ 
’Etretnpls τῆς Φιλοσοφικῆς Σχολῆς τοῦ Πανεπιστημίου Θεσσαλονικῆς, I (1927), pp. 151-205; cf. the notes 
by X. Xapitovidns, 2b7d., pp. 260-280. On Chioniades, see also MntpotroAitns Τραπεζοῦντος Χρυσάνθος 
in ’Apxeiov Πόντου, 4-5 (1933), ΡΡ. 332-340, and Sarton, 3, p. 438. N. A. Oixovopidns in his excellent 
article, ““Σημείωμα περὶ τῶν ἐπιστολῶν Γρηγορίου τοῦ Χιονιάδου,᾽᾽ ᾿Αρχεῖον Πόντου, 20 (1955), pp. 40-44, 
has demonstrated that Gregory’s eighth letter, addressed to Lucites, was written in (or shortly after) 
September 1301, but his contention that Gregory was then in Trebizond is not convincing. It is, 
however, known from Joseph Lazaropoulos (A. Papadopoulos-Cerameus, Fontes historiae imperit 
Trapezuntit [Petropol, 1897] pp. 65-66; cited by both Metropolitan Chrysanthus and Oeconomides) 
that, “Γρηγόριος ἐν ἱερεῦσι καὶ povotpétrois ceBaopimTatos... ὁ Χιονιάδης καλούμενος, προστάξει βασιλικῇ 
καὶ ἀξιώσει, ἅμα πρεπούσῃ Swpogpopig’’ was in Trebizond on 24 June 1302, presumably on his way 
to the Mongol Court. 

46 See my article “Δάρας τὸ viv λεγόμενον Ταυρές,᾽᾽ Bull. de l’Acad. Roy. de Belgique, Classe des 
Letives, 5th Ser., 48 (1962), pp. 323-326. 

47 The owner has noted dates four times on blank pages or in margins. The first note is on folio 
160’, where the year is mentioned as 1619 of the Romans, 707 of the Arabs, 677 of the Persians, and 
6816 of Creation (between 30 December 1307 and 20 June 1308); on folio 174 is recorded 14 May of 
the year 6828 of Creation and 1631 of the Romans (14 May 1320); on folio 180%, in the margin, 13 
March of the year 6830 of Creation or 18 Ishardad of the year 681 (read 691) of the Persians (13 March 
1322); and on folio 234 1620 of the Romans, now 1633, 6817 of Creation, now 6830, 708 of the Arabs, 
now 722, and 678 of the Persians, now 691 (A.D. 1309, now 1322). 

48 Kennedy no. 27 and pp. 158-161. 

49 Kennedy no. 84. 
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Ζῇ of Shams ad-Din al-Bukhari, and some less important texts; the same 
translations, in somewhat different order, are found in a fifteenth-century 
codex, Vat. gr. 1058 (v).°® Identical texts and, in addition, the long zij of 
Shams ad-Din are preserved in Laur. 28, 17 (L), which was written in 1323; 
but the tables which appear in the two Vaticani are not present in the Lau- 
rentianus. These tables—those belonging to the Zij as-Sanjari as well as those 
belonging to the Zij al-‘Ala’i—are the source of many of the tables upon which 
Chrysococces wrote his exegesis; this fact proves that the texts in V, v, and L 
are translations by Gregory Chioniades. 

The Zij as-Sanjari has survived complete in at least two Arabic manuscripts 
(BM Or. 6669 and Vat. ar. 761), and extracts from it are found in two others. 
The Greek version, while preserving the order of the original (see the appendix 
in which I compare the two), represents a shortened redaction. The calendaric 
tables in Chioniades’ translation are for Arab, Persian, Roman, and Sultanic 
(or Maliki) years, with a special table of Syrian months added. The tables of the 
mean motions of the planets are for hours, days, months, years, and thirty 
years according to the Arabic calendar, the epoch being 421 Hijra or A.D. 1030 
at a geographical longitude of οο9 E. The tables of equations and of latitudes 
are straightforward; the methods involved have, for the most part, been 
discussed by Neugebauer. 

The tables of the Zij al-‘Ala@i are far more interesting for several reasons, 
not the least of which is that the Arabic original is lost. The calendaric material 
explains Roman, Persian, Arab, Hebrew, and Sultanic years. Epochal longi- 
tudes of the planets are given both for the beginning of the Era of Yazdijird 
(16 June 632) at a geographical longitude of 84° E and for the beginning of the 
year 541 Yazdijird (1 February 1172). Though parameters are given for the 
mean motions of the planets for one day, a month of the Persians, a year of the 
Arabs, a year of the Persians, thirty years of the Arabs, thirty years of the 
Persians, and 36,0,0,0,0,0,0,0 or 100,776,960,000,000 days to six sexagesimal 
places, they do not seem to have been used in constructing the tables of mean 
motions. The last table of parameters—that for 36,0,0,0,0,0,0,0 days—belongs 
to the Zij as-Sanjari rather than the Zij al-‘Ala’i, but some of the other para- 
meters are known from other sources to be al-Fahhad’s. Further investigation 
is required to clarify this situation. | 

The tables of the mean motions of the planets themselves are arranged 
substantially as are those in the Zij as-Sanjari, except that the elements of the 
Persian calendar are substituted for those of the Arabic. The tables of correction 
of the Sun include the epoch longitude of the Sun’s apogee, the anomaly, and 
the equation for each degree of corrected anomaly, so that the true longitude 
of the Sun minus the motion of its apogee from epoch can be read off directly. 
The tables of corrections for the other planets are arranged in such a way that 
the equations are always positive; this is achieved by adding 360° or some 
other constant equal to or greater than the maximum equation to all entries. 


© Analyzed by O. Neugebauer in his Studies in Byzantine Astronomical Terminology, Transactions 
of the American Philosophical Society, N.S., 50, 2 (Philadelphia, 1960). 
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Both the Zij as-Sanjari and the Zij al-‘Ala’i contain numerous tables of trigo- 
nometrical functions such as are common in Islamic astronomical works. 

The Zij of Shams ad-Din al-Bukhari preserved in L is not accompanied by 
tables, but a study of the examples which this text gives proves that it is a 
commentary on the tables of the Zij al-‘Ala’i. Shams ad-Din, according to his 
incomplete horoscope,*4 was born 11 June 1254 in Bukhara; the many sug- 
gestions concerning his identity are without exception uninformed conjectures.*2 
The examples in his zij are dated between 12 February 1293 and 18 November 
1296, though he also discusses the horoscope of one Fakhr ad-Din, who was 
born in Tabriz on 25 August 1268 and who presumably consulted the astron- 
omer-astrologer when he was in his late twenties. It appears that Shams ad- 
Din was working in Tabriz before Ghazan Khan established an observatory 
there in 1300,°8 but the references to Nasir ad-Din at-Tusi and the Zij-i Ilkhani*4 
indicate that he had some contact with the observatory at Maragha.®® Chioni- 
ades calls him his teacher. 

The dates of the examples given in the translations of the Zij al-‘Ala’i and 
the Zij as-Sanjari indicate that Chioniades was in Tabriz in 1295 and 1296. 
Soon afterwards he seems to have returned to Constantinople, where he 
stayed for a few years; the references to 12 March and 30 April 1302 and his 
seventh letter, one of several to Constantine Lucites, must belong to this 
period. But he returned to the capital of the Mongols as Bishop, possibly in 
connection with the attempt made by Andronicus II to form an alliance with 
Ghazan Khan in the summer of 1302.°° To this second voyage is to be 
ascribed his correspondance with Alexius II Comnenus of Trebizond. His 
translations seem to belong to the brief period when he was in Constantinople 
between about 1298 and 1302. 

L does not contain any of the tables given in V and v; but it does have 
another set which was undoubtedly also a part of Chioniades’ corpus of Islamic 
astronomy. This set is found again, at least in part, in Vat. gr. I91, wherein 
there are also examples for dates ranging from 14 April 1298 to 1 May 1302; 
apparently all these examples are worked for the geographical coordinates of 
Constantinople.®’ In one of them the Zij al-‘Ala’i is quoted. These tables also 
appear in Vat. gr. 185, fols. 1--21. 

The epoch of these tables is 1404 of the Romans or A.D. 1093. The tables of 
the mean motions of the planets are for hours, days, months, years, and twenty 


61'V, fol. 24, v fol. 323’, and L, fol. 207. 
_ 82 J, Gildemeister had suggested Shams ad-Din as-Samarqandi (Usener, Ad historiam, p.15 and 
ΚΙ. Schr., 3, pp. 339-340); this identification is repeated provisionally by Sarton in 2, pp. 1020-1021, 
but he preferred Shams ad-Din Mirak al-Bukhari in 3, p. 699. 

53 See A. Sayili, The Observatory in Islam, Publications of the Turkish Historical Society, 7th Ser., 
No. 38 (Ankara, 1960), pp. 226-232. 

54 Kennedy no. 6 and pp. 161-162. 

55 See Sayili, pp. 188-223. 

56 Ghazan Khan received an embassy from Andronicus II at the end of August 1302; see B. Spuler, 
Die Mongolen in Ivan, Ivanische Forschungen, 1 (Leipzig, 1939), p. 101 (cf. also pp. 107 and 253). 

57 The tables and texts of Vat. gr. 191 have been studied by Neugebauer in an unpublished paper 
which he was kind enough to let me read. The references, on folio 319, to earthquakes on 1 June and 
17 July and a lunar eclipse on 18 May 1296 apparently are not to be connected with Chioniades. 
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years according to the Roman calendar. The equations are tabulated in such 
a way that the total correction is found immediately. The arguments and 
anomalies are arranged horizontally and vertically in steps of 12° so that the 
whole table is thirty columns by thirty. The corrections are normed so as to 
be always positive; the equations themselves appear to be close to those of 
Ptolemy. 

The tables upon which George Chrysococces commented were, as he himself 
says, translated from the ‘“‘Persian’’ by Chioniades. They are constructed for 
a place which is 72° E and 38° N; these are the geographical coordinates of 
Tabriz according to Chioniades. In fact, as has been remarked, many of 
Chrysococces’ tables are copies or derivatives of those in the Zij as-Sanjari 
and the Zij al-‘Ala’i. 

From the former are taken the table of Famous Cities,5° and one of the star- 
catalogues,®°? but the latter has contributed much more, including all of the 
calendaric material.6° With minor variations, such as the dropping of one 
sexagesimal place, Chrysococces’ tables of the daily and hourly mean motions 
of the Moon, its node, and the five star-planets are taken directly from the 
Zij al-‘Alvi; but his parameters for the annual motions are slightly different 
from al-Fahhad’s, a circumstance which involves some inconsistency, but not 
of a very serious sort. More damaging is the fact that the tables for the determi- 
nation of the possibility of eclipses are taken from a work which used Arab 
years though all the rest of his tables are constructed according to the Persian 
calendar; this lack of coordination, however, is undoubtedly due to the innate 
advantage of a lunar calendar in compiling such tables. Other tables connected 
with eclipses, those for parallax, are taken directly from Ptolemy’s Handy 
Tables. Finally, most of the tables for computing planetary latitudes are 
borrowed with slight modifications from the Zij al-‘Ala@i. 

Chrysococces gives two different sets of tables for the mean yearly motions 
of the planets. The first shows these motions for 1 to 10, 10 to 100, and 100 
to 1000 years. These are the tables which were published by Bullialdus and 
are usually taken to be Chrysococces’; but there is some evidence to indicate 
that they are from the Zij-i [khani of Nasir ad-Din at-Tisi.*! The parameters 
for one year are exactly τσὶ of those for 10; they in turn are τοί ἢ of those for 
roo; and these ;;th of those for 1000. Therefore, though the lower numbers 
are given with an apparent accuracy of four sexagesimal places (five in the case 
of the Sun), the only significant parameters are those for 1000 years, which 
are carried out to only two sexagesimal places (three in the case of the Sun). 

The second set of tables of the mean annual motions of the planets in 
Chrysococces’ work gives the mean longitudes at the beginning of every 

58 Vind. phil. gr. 190 (W), fol. 155 = V, fol. 128¥. This was edited by Bullialdus pp. 230-232. 

59 W, fol. 222 = V, fols. 153-154. The second catalogue, in Vind. phil. gr. 87, fol. 33, is dated in 
the year 6854 of Creation or 715 Yazdijird (A.D. 1346). 

© 'W, fol. 150 = V, fol. 161%; W, fols. 150%-151 = V, fols. 163-163; and W, fols. 1510-152 = V, 
fols. 154%—-155. 

1 Nasir ad-Din (Kennedy, p. 161) gives tables arranged in the same way. The only parameter 


recorded by Kennedy, that for the yearly motion of the apogee, is identical with that in Chrysococces’ 
tables. 
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Persian year from 710 to about 765, that is, from A.D. 1340 to A.D. 1395. The 
parameters used in constructing these tables, as has been remarked, are close 
to but not identical with those which appear in the Zij al-‘Ala’t. The entries 
in the tables of corrections are consistently positive for all the planets, a 
constant equal to or greater than the maximum equations being added to all 
numbers in each case; the same procedure had been followed previously by 
al-Fahhad. Again, the equations themselves are virtually identical with the 
Ptolemaic values. : 

In the manuscripts of the ᾿Εξήγησις four tables which give the motion of 
the Moon in minutes and hours for various daily motions are superscribed 
τοῦ Χρυσοκόκκου.52 These seem to be the only tables in the whole set which were 
actually constructed by that astronomer. They are remarkably simple; it was 
necessary only to divide the daily motions by 24 and the resultant hourly 
motions by 60. There is, then, nothing whatsoever to indicate that Chryso- 
cocces was in any way original. 

Another Greek text which utilizes Islamic materials is the Παράδοσις eis τοὺς 
Περσικοὺς προχείρους κανόνας, which has been mistakenly ascribed to Isaac Argyrus. 
It was written shortly after 25 December 1352, the date for which planetary 
longitudes are computed in one of its examples. Mercati® has suggested that 
it is a first draft of the third book of Theodore Meliteniotes’ ᾿Αστρονομικὴ 
τρίβιβλος; this, in fact, is what it seems to be. The two are identical even to 
the point of sharing an obvious error in converting a Persian into a Christian 
date. In his preface to this book Meliteniotes has derived his information 
concerning Islamic astronomers from the first chapter of Chioniades’ trans- 
lation of the zij of Shams ad-Din,®* but the tables of which he explains the 
use are Chrysococces’ version of Chioniades’. There is nothing new here. 

I have not discussed some other Palaeologan adaptions of foreign astro- 
nomical tables—for instance, the Greek version of the Alfonsine Tables made 
on Cyprus by John the Astrologer in 1340,° Demetrius Chrysoloras’ Latin 
Tables, whose epoch is 1377, Michael Chrysococces’ commentary of 1435 on 
the Hexapterygon of Immanuel ben Jacob Bonfils,® originally written in 
Hebrew in 1365, or Marcus Eugenicus’ exegesis of 1444 on the Latin translation 
of the tables of Jacob ben David ben Yom-tob,® who wrote in 1361; Isaac 
Argyrus’ New Tables, whose epoch is 1 September 1367, are adaptations of 
Ptolemy’s. There is also evidence, as is shown in an appendix, for the existence 
of Tables of Palaeologus, perhaps written in Nicaea in or shortly after 1436. 
But enough has been investigated to enable us now to be much clearer about 


62 See W, 1015. 170-172 and Vind. phil. gr. 87, fols. 7’—-8v. 

63 Mercati, p. 175. 

64 This was not realized by L. H. Gray, ‘‘Zu den byzantinischen Angaben iiber den altiranischen 
Kalender,’ BZ, 11 (1902), pp. 468-472. 

6 In Vat. gr. 212, fols. 26-1047. 

66 See Krumbacher, p. 110; Beck, p. 751; and Vat. gr. 1059, fols. 482-489. For Demetrius Chry- 
soloras, Michael Chrysococces, and Marcus Eugenicus, see also G. Mercati, Scritti d’Isidoro il cardinale 
Ruteno, Studi e Testi, 46 (Rome, 1926), pp. 40-50. 

67 His commentary, which is preserved in a number of manuscripts, is being studied by Neugebauer. 

68 See Krumbacher, pp. 115-117 and 496-497, and Beck, pp. 755-758. 
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the situation of astronomy in Byzantium in the early fourteenth century than 
was hitherto possible. It is especially apparent that the role of Trebizond as 
an astronomical center has been vastly overrated.® It is true that men like 
Constantine Lucites’?® and Andreas Libadenus*! showed an interest in this 
science and communicated with Chioniades and Gregoras about it; but it is 
not at all certain that there ever was an Academy of Astronomical Studies 
or an observatory in Trebizond. Certainly Chioniades, to whose activities as 
a translator nearly all of the Islamic influence on Palaeologan astronomy can 
now be traced, seems merely to have passed through Trebizond on his journeys 
between Istanbul and Tabriz. It is significant that in all the texts associated 
with him one finds examples worked for Constantinople and Tabriz; Trebizond 
is mentioned only in the preface to Chrysococces’ Ἐξήγησις. | 


APPENDIX I 
PARAMETERS FROM CHIONIADES WORKS 


It should be noted that those parameters which are labeled “‘approximate’”’ 
have been sqeezed from the tables as they appear in the manuscripts. They 
cannot be accepted as definitive until they are confirmed by a thorough study 
of the textual tradition and an exhaustive investigation into the structure of 
the tables. But the deviations from the correct figures are probably not very 
great. For the inferior planets the motion of the anomaly is given. 


Yearly mean motions according to the Zij as-Sanjari (one year equals 354 days) 


(approximate) 
Saturn 11352 
Jupiter 20;26 
Mars 3,5331 
Sun 5,48;55,13 


Venus 3,8(sic for 18);15 
Mercury 19346 

Moon 5,44;27 

Apogee 030,52,55 


Daily mean motion according to the Zij as-Sanjari (approximate) 
Saturn O;2 
Jupiter 035 


8° Especially by I. B. Papadopoulos. His attempt to create a second Ananias of Shirak and to 
identify Tychicus with Constantine Lucites is particularly open to criticism. Ananias’ autobiography 
and computus were translated by F.C. Conybeare, ‘‘Ananias of Shirak (a.D. 600-650 c.),’”’ BZ, 6 
(1897), pp. 572-584, and all his works, including those on astronomy, are edited by R. A. Abramian, 
Anania Shivakatsi (Erevan 1958). There seems to be no question that he was a contemporary of 
Stephanus of Alexandria; see also H. Thorossian, Histoire de la littérature arménienne (Paris, 1951), 
Pp. 106-107. 

 Guilland, Correspondance, p. 347, and Beck, pp. 793-794. 

ΤΣ See especially his predictions for the year 1336, edited by F. Boll, in Catal. Cod. Astrol. Graec., 
7 (Brussels, 1908), pp. 152-160; also Krumbacher, p. 422; N. Banescu, ‘‘Quelques morceaux inédits 
d’Andréas Libadénus,” Bulavtis, 2 (1911-1912), pp. 358-395; and Beck, p. 794. 
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Mars 0;31,20 
Sun 0;59,8,20 
Venus 0337 
Mercury 336,20 
Moon I3;10,30 


Maximum equations according to the Zij as-Sanjari (approximate) 


Saturn 6:31 and 6:13 
Jupiter 5115 and 1153 
Mars 11:25 and 41;9 
Sun 2;12,23 

Venus 2323 and 45359 
Mercury 332 and 22;2 
Moon 5.1 


Yearly mean motion according to the Zij al-‘Ala’i (one year equals 365 days) 


(approximate) 
Saturn 12:13 
Jupiter 30320 
Mars 3,11;16 
Sun 5,59;44,51 


Venus 3,4532 


Mercury 53357 
Moon 2,0;23 


Maximum equations according to the Zij al-‘Ala’i (approximate) 


Saturn 6;31 and 6325 


Jupiter 5:15 and 11;19 
Mars 11;25 and 38:5 
Sun 1;58,56 


Venus 1359 and 46;37 
Mercury 332 and 22;31 
Moon 


139 
7930 


Period relations from the Zij as-Sanjari 


PLANETS REVOLU- 
TIONS 
Saturn I+7;20° 
2+1558° 
Jupiter 1+4;48° 
7-+0;89 
Mars I7-+-11;6° 
42+3;9° 


CONJUNC- 
TIONS 


DAYS 


10965 
21551 

4388 
30315 
11699 
28857 
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PERSIAN 
YEARS 
and DAYS 


30y 5d 
59y 16d 
1zy 8d 
83y 2064 
32y 9d 
79y 22d 


MEAN DAILY 
MOTION 
(not in text) 


0;2,0,35,47° 
0;2,0,36,4° 
0;4,59,17,20° 
034,59,16,25° 
0;31,26,39,12° 
0331,20,39,35° 


Gregory Chioniades and Palaeologan Astronomy 


PANETS REVOLU- CONJUNC- DAYS PERSIAN MEAN DAILY 
TIONS TIONS YEARS MOTION 
and DAYS (not in text) 
Sun I— 0315? O 365 1y od 0359,8,13,9° 
4+0;2° O 1461 Ay id 0;59,8,22,40° 
8+0;4° O 2922 ὃν ad 0359,8,22,40° 
25 —0;1° O QI31 25y 6d 0;59,8,20,42° 
Venus 8 —1354° 5 2920 ὃν οὐ 0;36,59,10,41° 
16—4347° Το 5832. Ι5Υ 364d 0;36,59,33,29° 
24 —0;49° 15 8753 8. 237 364d 0;36,59,25,33° 
Mercury 13-+2;50° AI 4751 13y 6d 3;6,24,10,18° 
46-+0;16° 145 16802 46y 12d 3;6,24,22,58° 
79 249 28854 700 194 3;6,24,1,47° 
Moon 45+2,18;439 45 1240 3y 145d 13;10,34,59,1° 
271 -+1,43;28° 269 7412 20y 112d 13;10,35,2,6° 
572+5,3;48° 568 15051 42y 321d 13;20;3551,53° 


Tables of mean motions, apparently from the Zij al-‘Alavi 
For a Persian year (365 days) 


Saturn 12313,39,27,44,5,45 (daily motion of 0;2,0,36,4,33,33) 

Jupiter 30;20,30,14,24,25 (daily motion of 0;4,59,15,39,41) 

Mars 3, 11517 ,12,27,22,45 (daily motion of 0;31,26,39,51,21) 

Sun 5,59;45,45,43°,13%,45¢ (daily motion of 0;59,8,20,35,25) 

Venus 3,4531,49,41,44,56',108 (daily motion of 0;36,59,28,43,1,38) 
Mercury  53358,14,38,17",15!,0! (daily motion of 3;6,24,22,7,59) 

Moon 2,9;23,6,42,49,40 (daily motion of 13;10,35,1,55,32) 

ar6MS bi4MS c55MS d27MS e5MS {53MS goMS h33Ms 
155MS 1 58MS 


For an Arab year (354 days) 

saturn II}51,32,50,53,50,42 (daily motion of 0;2,0,36,4,33,33) 
Jupiter 29325,38,24,7,54 (daily motion of 0;4,59,15,39,41) 

Mars 3,5331,19,8,57,54 (daily motion of 0;31,26,39,51,2T) 

Sun 5,48;55?,13",28,57,30 (daily motion of 0;59,8,20,35,25) 
Venus 3,18314,55,25,51,38¢,12% (daily motion of 0;36,59,28,43,1,38) 
Mercury 109;47,46,35,6,6 (daily motion of 3;6,24,22,7,59) 

Moon 5,44;26,41,21,38¢,48' (daily motion of 13;10,35,1,55,32) 
a59MS b43MS c36MS doMS e37MS = 1f36MS 


For 30 Persian years (mistaken parameters for yearly motion used) 
Saturn 6;49,43,52,2,52,30 (30 X 12;13,39,27,44,5,45) 

Jupiter — 3,10;15,8,12,12,30 (30 X 30;20,30,16,24,25) 

Mars 5,38;36,13,41,22,30Ὁ (30 X 3,11}17,12,27,22,45) 

Sun 5,52;52,37,53,32,30 (30 X 5,59345,45,15,27,5) 
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Venus 4,30;54,50,52,26,30° (30 X 3,45;1,49,41,44,53,0) 
Mercury = 2,,59;7,19°,16,579,59° (30 X 53358,14,38,33,55,58) 
Moon 4,41333,21,25 (30 X 2,9;23,6,42,50) 

a32MS b509MS c4oMS di7MS_ e30MS 


For days For a Persian month (30 days) 
Saturn 032,0,30,4,33,33 1;0,18,2,16,46,30 

Jupiter 0,;4,59,15,39,41 2;29,37,49,50,30 

Mars 0}31,26,39,51,21 15343,19,55,40,30 

Sun 0359,8,20,35,25% 29334,10,17,42,30 

Venus 03;36,59,28,43,1,38 18;29,44,21,30,48,49 

Mercury 3;6,24,22,7,59 I ,33512,11,3,59,30 

Moon 13;10,35,1,55,32 35:17,30,57,45,54 


6 35 ΜῈΞσΕ ἢ 30Μ 


For 30 Arab years (10631 days) 

Saturn 56;8,32,3,48,30,3 (10631 X 032,0,36,4,33,33) 

Jupiter 2,43;44.,3,50,13,31 (10631 X 0;4,59,15,39,41) 

Mars 2,,51325,279,47,21,51 (10631 X 0;31,26,39,51,2I) 

Sun 38;27,16,15,14,35" (10631 X 03;59,8,20,35,25) 

Venus I,14514,37,11,42°,239,58 (10631 X 0;36,59,28,43,1,38) 
Mercury 4,28;3,45,30,30,49 (10031 X 3;6,24,22,7,59) 

Moon 38;17,6,9,58,3,0 (should be 38;17,6,10,34,52) 
a260MS b34MS c4iIMS d47MS 


Revolutions in 36,0,0,0,0,0,0,0 days 

Saturn 12,3,30,27,21,18 (I rev. in 2,509,535,22,7,40,48 — days) 
Jupiter 29,55,33,58,0,0 (I rev. in I,12,10;40,3,8,38,24 +days) 
Mars 3,8,39,59,8,6,0 (I rev. in 11,26;55,36,0,43,12 — days) 
Sun 5,54,50,3,32,30,0 (I rev. in 6,5;14,27,10,4,48-+ days) 
Venus 3,41,56,52,18,9,46 (I rev. in 9,43355,15,18,43,12 + days) 
Mercury  18,38,26,12,40,54,0 (I rev. in 1,55;52,4,50,9,36- 4405) 
Moon I,19,3,30,11,33,12,0 (I rev. in 27;19,17,41,17,48 — days) 
Apogee 53,45,36,38 (I rev. in 40,10,42,23-+days) 


Yearly mean motions according to the tables in L (one year equals 365 days) 


(approximate) 
Saturn 12;13,20 
Jupiter 30;20,30 
Mars 3 1117 
Sun 5,59;45,40 
Venus 
Mercury 


Moon 29323 
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Combined maximum equations according to L (approximate) 


Saturn 12;47 
Jupiter 16334 
Mars 53358 
Sun 230,30 


Venus 47;56,30 
Mercury 26;49 
Moon 738,30 


Yearly mean motions according to Chrysococces (one year equals 365 days) 


(approximate) 
Saturn 12;12,48 
Jupiter —_30;19,45 
Mars 3,11;16,30 
Sun 5,59;44,49 


Venus 3,4531,40 
Mercury 53357 
Moon 2,9323,2 
Apogee 0}0,50,55 


Maximum equations according to Chrysococces (approximate) 


Saturn 6;32 and 6;13 
Jupiter 5315 and 1153 
Mars 11;25 and 42;12 
Sun 230,30 

Venus 1359 and 45359 
Mercury 332 and 22;1 
Moon 6;20,18,30 


Yearly mean motions according to the 1000-year tables of Chrysococces (one 
year equals 365 days) 


Saturn 12;12,48,2 
Jupiter 30319,20,25,48 
Mars 3,11;16,19,25,12 
Sun 5,59344,48,38,1,48 


Venus 3,45;1,46,39 
Mercury  53358,14,38,24 
Moon 2,9323,4,58,59 
Apogee 0}0,51,25,42,30 


Mean motion for 1000 years according to the 1000-year tables of Chrysococces 


Saturn 5,33:20,30 
Jupiter I,22;20,30 
Mars 1 ,5233,40 
Sun 1,46;50,33,50 
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Venus 29337530 
Mercury 5,30;44,0 
Moon 22335353 
Apogee 14:17,8,35 


APPENDIX II 


A comparison of the contents of the Zij as-Sanjari and its Byzantine translation. 
The numbers refer to folia, the sigla to the following manuscripts: L = Lau- 
rentianus 28, 17. LA = Or. 6669 of the British Museum, London. V = Vati- 
canus graecus 211. VA = Vaticanus arabus 761. v = Vaticanus graecus 1058. 


Preface VA I’. 


Chapter r. On fundamentals. VA 5v. 

Chapter 2. On the starting-point and the general approach. VA 7, LA 57. 

Chapter 3. On the manner of approaching the question of the Sun. VA Io, 
LA σου. 

Chapter 4. On the manner of approaching the question of the Moon. VA 12, 
LA 61. 

Chapter 5. On the manner of approaching the question of the superior planets. 
VA 14, LA 62. 

Chapter 6. On the manner of approaching the question of the inferior planets. 
VA 15’, LA 7. | 


Index of treatises and sections. VA 18, LA 1: L 81", V 38, v 273. 


Treatise 1. On calendars. VA 20: (Part 1) L 82, V 38", v 274. 

Section 1. On their bases. VA 20, LA 3¥: (Chapter 1) L 82”, V 39, v 274’. 

Chapter 1. On days, months, and years as components of calendars. 
VA 20", LA 3ν. 

Chapter 2. On the epochs of calendars. VA 21’, LA 4v. 

Chapter 3. On the differences between calendars. VA 22”, LA 5. 

Section 2. On calendars in use. VA 23, LA 5¥: (Chapters 2-4) 1, 83V, 

V 39", V 275. 

Chapter 1. On months and years in detail. VA 23, LA 5v. 

Chapter 2. On the week-days which begin years and months. VA 24. 

Chapter 3. On the years of a calendar in days and on the elevation of 
the days into years and months. VA 25. 

Chapter 4. On transforming dates from one calendar into another by 
computation. VA 26. 

Chapter 5. On transforming dates from one calendar into another by 
the use of tables. VA 26’, LA 9. 

Section 3. On festivals. VA 27%, LA το: (Chapter 5) L 95”, V 46, v 280. 
Chapter 1. On what pertains to the days of a month. VA 28, LA το. 
Chapter 2. On what pertains to the days of a month and a week 

VA 28v, LA II. 
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Chapter 3. On what pertains to solar and lunar years and to the days 
of the week. VA 29, LA I1. 

Chapter 4. On the years of the Hebrews and their festivals. VA 30, 
LA 12. 


Treatise 2. On fundamentals, on sines, and on shadows. VA 31, LA 13: 
(Part 2) L τοοῦ, V 50, v 282’. 
Section 1. On fundamentals. VA 31’, LA 13. 
Chapter 1. On interpolation. VA 31%, LA 13: (Section 1) L Ioov, 
V 50, v 282”. 
Chapter 2. On multiplication and division. VA 32’, LA 13’. 
Chapter 3. On the value of 7. VA 32’, LA 14. 
Section 2. On sines, versines, and arcs. VA 33, LA 14: (Section 2) L 102, 
V 51, v 283. 
Chapter 1. On sines. VA 33”, LA 14". 
Chapter 2. On versines. VA 34, LA 15. 
Chapter 3. On arcs. VA 34’, LA τον. 
Section 3. On the three shadows. VA 34”, LA 15v: (Section 3) L 103¥, 
V 52”, v 283”. 
Chapter 1. On the first shadow. VA 35, LA τό. 
Chapter 2. On the second shadow. VA 35’, LA τό. 
Chapter 3. On transforming one shadow into the other VA 36, 
LA τόν. 


Treatise 3. On ascendants. VA 36, [LA το]. 


Section 1. On declination, geographical latitude, altitude, and rising- 
times for sphaera recta. VA 36, LA τὸν: (Part 3) L 103’, 
V 52”, v 283. 
Chapter 1. On declination. VA 36%, LA 16%: (Chapter r) L 103’, 
V 52°, v 284. 
Chapter 2. On geographical latitude. VA 37, LA 17: (Chapter 2) 
L 104, V 53, v 284. 
Chapter 3. On the maximum altitudes of the Sun and the stars on 
the meridian. VA 37, LA 17v: (Chapter 3) L rogv, V 53”, 
ν 284. 
Chapter 4. On knowing the declination from the geographical latitude 
and the maximum altitude. VA 37’, LA 17v. 
Chapter 5. On the rising-times of the signs for sphaera recta VA 37’, 
LA 17v: (Chapter 4) L 105, V 53”, v 284’. 
Section 2. On the azimuth of the point of sunrise and the equation of 
daylight. VA 38, LA 18: (Part 4) L 105’, V 54, v 284’. 
Chapter 1. On the azimuth of the point of sunrise. VA 38, LA 18: 
(Chapter 1) L 106, V 54, v 285. 
Chapter 2. On the equation of daylight. VA 38, LA 18: (Chapter 2) 
L 106", V 54’, v 285. 
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Chapter 3. On the versine of the day-(arc) VA 38%, LA τᾶν. 
Chapter 4. On the arcs of day and night and their hours. VA 38’, 
LA τὸν; (Chapter 3) L 107", V 55, v 285v. 
Chapter 5. On oblique ascensions. VA 39", LA το: (Chapter 4) L 108, 
V 55”, v 286. 
Section 3. On the situations of the fixed stars. VA 40, LA τοὺ: (Part 5) 
L τοῦ, V 55’, v 286. 
Chapter 1. On the correction of their longitudes. VA 40, LA τοὺ: 
(Chapter 1) L 108’, V 56, v 286. 
Chapter 2. On their distances from the equator and their maximum 
altitudes. VA gov, LA 20: (Chapter 2) L 109, V 56, v 286v. 
Chapter 3. On the transits of the stars. VA 41, LA 2ov: (Chapter 3) 
L rog’, V 57, v 287. 
Chapter 4. On simultaneously rising and setting points. VA 41, 
LA 2ov: (Chapter 4) L 110, V 57’, v 287. 
Chapter 5. On the times of risings and settings of the stars. VA 41’, 
LA 21: (Chapter 5) L στον, V 57", v 287v. 
Section 4. On what has passed. VA 41’, LA 21: (Part 6, Chapter x) L 111, 
V 58, v 287’. 
Chapter r. On what has passed of the day. VA 42, LA 21. 
Chapter 2. On what has passed of the night. VA 42, LA a1v. 
Chapter 3. On seasonal hours. VA 43, LA 22. 
Section 5. On the rising-times and equalizations of the houses. VA 43ν, 


ΤᾺ 22". 
Chapter 1. On the rising-times. VA 43%, LA 22’: (Chapter 2) 1, 113, 
V 590”, v 288¥. 


Chapter 2. On the hours from the rising-times. VA 44, LA 23: 
(Chapter 3) L 113, V 60, v 289. 

Chapter 3. On the equilization of the houses. VA 44, LA 23: (Chap- 
ter 4) L 114, V 60, v 280. 

Section 6. On altitude, the gibla, and the times of prayer. VA 45, LA 23. 

Chapter 1. On altitude. VA 45, LA 24: (Chapter 5) L 115, V 61°, 
Vv 280’. 

Chapter 2. On the declination-circle of the Sun. VA 46, LA 24: 
(Chapter 6) L 116, V 62, v 290. 

Chapter 3. On the gibla. VA 46, LA 24: (Chapter 7) L 116”, V 62y, 
V 290’. 

Chapter 4. On the times of prayers. VA 47’, LA 25’. 


Treatise 4. On the mean motions of the planets. VA 48", LA 26v: (Part 7) 
L 118, V 63”, v 201. 
Section 1. On corrections of the revolutions. VA 51, LA 28. 
Chapter 1. On the correction of the bases of motions. VA 51, LA 28. 
Chapter 2. On the advantages and disadvantages of the revolutions. 
VA 52, LA 28V. 
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Section 2. On deriving the mean motions of the planets from computation 
and from tables. VA 52”, LA 29: (Chapter 1) L118, V 64, v 291ν. 
Chapter 1. On mean motions from computation. VA 52’, LA 209. 
Chapter 2. On mean motions from tables. VA 53”, LA 30. 
Section 3. On corrections of the mean motions. VA 54’, LA 30v: (Chapter 
2) L 120, V 65’, v 292”. 
Chapter r. On their corrections with regard to the remainder of the 
difference between the two longitudes. VA 54”, LA 30v. 
Chapter 2. On the corrections of the mean motions with regard to 
the equation of time. VA 55, LA 31. 
Section 4. On the mean motions with regard to special computations. 
VA 55”, LA 31’. 
Chapter r. On the mean motions for a geographical longitude of 909 
using the Arabic calendar. VA 56, LA 31’. 
Chapter 2. On the correction of the mean motions for special opera- 
tions. VA σόν, LA 32’. 
Section 5. Introduction to world-years and Sultanic years from the three 
well-known calendars. VA 57, LA 320: (Chapter 3) L 121, 
V 66, v 293. 
Chapter r1.On the differences between the world-years and the 
calendars. VA 57’, LA 33. 
Chapter 2. Introduction to the world-years or Sultanic years. VA 58, 
LA 33. 
Chapter 3. On establishing the rules for computing true longitudes. 
VA 58’, LA 34: (Chapter 4) L 122, V 67, v 293”. 


Treatise 5. On computing true longitudes and latitudes. VA 59, [LA 5340]: 
(Part 8) L 123’, V 68, v 294. 
Section 1. On computing true longitudes. VA 59, LA 34”: (Chapter 1) 
L 124, V 60, v 294’. 
Chapter 1. On computing the true longitude of the Sun. VA 509, 
LA 34’. 
Chapter 2. On computing the true longitude of the Moon. VA 59’, 
LA 34’. 
Chapter 3. On computing the true longitudes of the lunar nodes. 
VA 60, LA 35. 
Chapter 4. On computing the true longitudes of the five star-planets. 
VA 60, LA 35. 
Chapter 5. On the exactitude of computations of true longitudes. 
VA 60v, LA 35. 
Section 2. On retrograde and direct motion. VA 61, LA 35”: (Chapter 2) 
L 127, V 71, v 296. 
Chapter 1. (no title). VA 61, LA 35’. 
Chapter 2. Fundamentals of retrograde and direct motion. VA 61, 
LA 35’. 
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Section 3. On the latitudes of the planets. VA 61%, LA 36: (Chapter 3) 
L 128’, V 72, v 206". 
Chapter r. On the latitude of the Moon. VA 61”, LA 36. 
Chapter 2. On the latitudes of the superior planets. VA 61”, LA 36. 
Chapter 3. On the latitudes of the inferior planets. VA 62, LA 36v. 
Section 4. On the velocities and diameters of the Sun and Moon. VA 63, 
LA 37: (Chapter 4) L 132, V 75, v 2οδν. 
Chapter r. On daily motion. VA 63, LA 37. 
Chapter 2. On the diameter of the Sun. VA 63, LA 37v. 
Chapter 3. On the diameter of the Moon. VA 63, LA 37. 
Chapter 4. On the diameter of the shadow. VA 63’, LA 37v. 
Chapter 5. On daily motions and diameters in the tables. VA 63”, 
LA 38. 


Treatise 6. On parallax. VA 64, LA 38: (Part 9) L 133, V 76, v 299. 


Section 1. Fundamentals necessary for parallax. VA 64, LA 38: (Chapter 1) 
L 133, V 76, v 299. 
Chapter zr. On general matters. VA 64, LA 38. 
Chapter 2. On the distance of the Moon from the meridian. VA 64’, 
LA 38. 
Chapter 3. On the latitude of the clime. VA 64”, LA 38’. 
Chapter 4. On the altitude of any degree in the zodiacal circle. 
VA 64", LA 38¥. 
Chapter 5. On the altitude of the Moon. VA 65, LA 38v. 
Chapter 6. On the distance of the Moon from the earth. VA 65, LA 309. 
Chapter 7. On the three angles necessary in eclipses. VA 66, LA 309’. 
Section 2. On parallax by computation. VA 66%, LA 40: (Chapter 2) 
L 135, V 78, v 300. 
Chapter σ. On parallax of the Sun and Moon in the circle of altitude. 
VA 66", LA 4o. 
Chapter 2. On longitudinal and latitudinal parallax of the Moon. 
VA 67, LA 4ov. 
Chapter 3. On the correction of the place of the Moon. VA 67, LA 4ov. 
Section 3. On parallax. VA 67%, LA 4ov: (Chapter 3) L 137’, V 79’, v 301. 
Chapter 1. On longitudinal and latitudinal parallax. VA 67%, LA 41. 
Chapter 2. On the correction of the place of the Moon in longitude 
and latitude. VA 68’, LA 41’. 
Section 4. On the priority of what is observed. VA 69, LA 41’. 
Chapter r. On the priority of what is observed. VA 69, LA 42. 
Chapter 2. On the diversity of conditions for the priority of what is 
observed. VA 69", LA 42". 
Chapter 3. On the rule of priority in every table for every eclipse. 
VA 70, LA 42". 
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Treatise 7. On conjunctions and oppositions. VA 70, LA 42v: (Part Io, 
Section 1) L 138, V δον, v 301°. 


Section 1. On knowing this from computations of the equations. VA 70’, 


LA 
Chapter I. 


On the hours of conjunction and opposition by means of 
the equations. VA 7ov, LA 43. 


Chapter 2. On their fractions. VA 71, LA 43". 
Chapter 3. On their risings. VA 71’, LA 43’. 
Section 2. On operations regarding conjunctions and oppositions. VA 71’, 
LA 43’. 
Chapter 1. On the mean motions of the Sun and Moon. VA 72, LA 44. 
Chapter 2. On the equations of the Sun and Moon. VA 72, LA 44. 
Chapter 3. On the hours of the equations. VA 72’, LA 44’. 


Chapter 4. 


Chapter 5. 


On the fraction of conjunction and opposition. VA 73, 
LA 45. 

On its transformation into nighttime and daytime. 

VA 73, LA 45. 


Treatise 8. On eclipses. VA 73”, LA 45. 


Section 1. On lunar eclipses. VA 73”, LA 45: (Section 2) L 140, V 82, 
V 3027. 


Chapter I. 
Chapter 2. 


Chapter 3. 
Chapter 4. 
Chapter 5. 


Chapter 6. 
Chapter 7. 


Fundamentals for lunar eclipses. VA 73”, LA 45v. 

On the prerequisites for an eclipse. VA 74, LA 45’: 
(Chapter 1) L 140, V 82, v 302’. 

On the times of an eclipse. VA 75, LA 46v. 

On its duration. VA 75ν. 

On eclipses from the tables. VA 76: (Chapter 2) L 141’, 
V 84, V 303. 

On the magnitude of a lunar eclipse. VA 77. 

On the projection of a lunar eclipse. VA 77’. 


Chapter 8. On the conclusion of an eclipse. VA 79, LA 47. 
Section 2. On solar eclipses. VA 79, LA 47%: (Section 3) L 142’, V 84’, 
V 303. 
Chapter 1. Fundamentals for solar eclipses. VA γοῦ, LA 47%: | 


Chapter 2. 
Chapter 3. 


Chapter 4. 
Chapter 5. 


Chapter 6. 


(Chapter 1) L 142’, V 84’, v 303". 

On the correction of hours for the middle of an eclipse. 
VA γον, LA 48. 

On determining the fact of an eclipse and its magnitude. 
VA 81’, LA 4qv: (Chapter 2) L 143’, V 85’, ν 304. 

On the times of eclipses. VA 82, LA 4oV. 

On knowing the eclipse by means of a table. VA 83y, 
LA 50’. 

On the corona and the duration of an eclipse. VA 84, LA 51. 
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Chapter 7. On the magnitude of an eclipse. VA 84’, LA σιν. 
Chapter 8. On the darkness of an eclipse and its projection. VA 85, 
LA 52. 


Treatise 9. On first visibilities. VA δον, LA 52”: (Part 11) L 147’, V 89, v 306. 
Section 1. On first visibility of the lunar crescent. VA δον, LA 52ν. 
Chapter 1. Fundamentals for the first visibility of the lunar crescent. 
VA 86, LA 53: (Chapter 1) L 148’, V δον, v 306. 
Chapter 2. On using simple arcs. VA δ, LA 53”: (Chapter 2) L 151°, 
V 92’, v 308. 
Chapter 3. On correcting the simple arcs according to al-Khazini. 
VA 87. 
Chapter 4. On using the arcs according to al-Battani. VA 88, LA 54. 
Chapter 5. On using the arcs according to Thabit ibn Qurra al- 
Harrani. VA 89. 
Chapter 6. On what al-Khazini looks for in first visibilities. VA δον. 
Chapter 7. On the azimuth of the crescent. VA gov, LA 55: (Chapters 
3, 4, and 6) L 152”, 154, 155”; V 93, 94%, 95%; v 308, 
309, 310. 
Section 2. On heliacal risings and settings. VA 91, LA 55”: (Chapter 5) 
L 154”, V 95, ν 300. 
Chapter 1. Fundamentals for the superior planets. VA οἱ, LA 55V. 
Chapter 2. On appearances and disappearances according to the 
tables. VA 92. 


Treatise ro. On the transfers of years. VA g2v: (Part 12) L 156", V 97, v 310¥. 


Section 1. On the transfers of world-years. VA g2¥: (Chapter 1) L 157, 
V 97, V 310°. 
Chapter 1. On the times of the transfers of years. VA 93. 
Chapter 2. On the mean transfer. VA 93. 
Chapter 3. On the excess of a year. VA 94. 
Chapter 4. On the ascendant of the transfer. VA 94’. 
Section 2. On the location of the rays of the planets. VA 95: (Chapter 2) 
L 159, V οὗν, v 311". 
Chapter 1. Fundamentals for the location of the rays and their 
motions. VA 95’. 
Chapter 2. On the location of the rays. VA 96. 
Chapter 3. On the location of the rays through computation of the 
horizon and the planets’ points of rising. VA οὔν. 
Chapter 4. On the location of the rays through computation of half 
of the day-arc. VA 97. 
Chapter 5. On the location of the rays according to the opinion of 
Ptolemy. VA 97’. 
Section 3. On the motion of the Haylaj. VA οὖν: (Chapter 3) L 162, 
V 102, V 313’. 
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Chapter I. 
Chapter 2. 


On the motion of the Haylaj VA o8v. 
On the position of the division. VA gov. 


Section 4. On the intiha’ and its motion. VA roo: (Chapter 4) L 165y, 


Chapter 1. 
Chapter 2. 


Chapter 3. 
Chapter 4. 


V 105, V 315’. 

On the intiha’ and its motion. VA τοο. 

On the motion of the ascendant-degree of the year- 
transfer. VA Ioov. 

On the transfers of months. VA roov. 

On the motion of the ascendant of the year-transfer. 
VA τοι. 


The Separate Treatise. VA ror. 
Section 1. On the ascendant from the altitude of the Moon. VA τοι.. 


Chapter I. 


Chapter 2. 
Chapter 3. 


Chapter 4. 


On the hours of the arrivals of the planets at the meridian 
and the degrees of the transits. VA τοῖν, LA 56. | 

On the hours through estimation. VA τοῦ, LA 56v. 

On the transformation of the observed altitude of the 
Moon into its true altitude. VA 103. 

On the correction of the hours and on the ascendant. 
VA τοῦ". 


Section 2. On the correction of geographical longitude. VA 104. 


Chapter I. 
Chapter 2. 


(no title). VA 104. 
On geographical longitude from the altitude of the Sun. 
VA 104’. 


Section 3. Onchanging the computation of true longitudes from one place 
to another. LA 63. 


Chapter I. 
Chapter 2. 


Chapter 3. 
Chapter 4. 
Chapter 5. 


On changing the position of the planet. LA 63. 

On changing the hours in conjunctions, oppositions, and 
lunar eclipses. LA 63. 

On changing the ascendants. LA 63V. 

On altitudes and hours. LA 63’. 

On the visibility of the lunar crescent and solar eclipses. 
LA 63’. 


Section 4. On the true daily motions of the planets. LA 64. 
Section 5. On the conjunctions of the planets. LA 65v. 


Chapter I. 
Chapter 2. 


On the times of the conjunctions. LA 65’. 
On the motion from one conjunction to the next. LA 66. 


Section 6. On spheres and transits. LA 66’. 


Chapter 1. 


Chapter 2. 


On the bases of the spheres and their measurements. 
LA 66’. 

On the minutes of ascent and descent, and on the transits 
of the planets in their conjunctions. LA 67’. 
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APPENDIX III 
THE TABLES OF PALAEOLOGUS (BRITISH MUSEUM, MS BURNEY OI, FOL. 8) 


Χρὴ γινώσκειν διὰ μεθόδου εὑρεῖν τὰ ἔτη ἃ ἐμετεβλήθησαν Trap’ ἡμῶν ἀπὸ τοὺς μῆνας τῶν 
Περσῶν εἰς τοὺς μῆνας τῶν Ρωμαίων. ἀρχὴν τήρησον τὰ Ἑλληνικὰ ἔτη πόσα εἰσὶν, καὶ ἐξ 
αὐτῶν τῶν πεπληρωμένω ἐτῶν ἄφελον ἔτη Sauy (6943 A.M. began I Sept. 1435 A.D.). 
τὰ λοιπὰ ἕξωμεν τὰ ῥηθέντα ἔτη. καὶ ws ἐν ὑποδείγματος (corrected to ὑποδείγματι) 
ἔστω Ἑλληνικὰ ἔτη πεπληρομένα εἰς τὴν a τοῦ Μαρτίου sav (A.D. I March 1443). ἐξ 
αὐτῶν ἄφελον sayy. τὰ λοιπὰ C ἕξομεν ἔτη πεττληρομένα. τὸ “Ἑλληνικὸν ἔτος ἄρχεται ἀπὸ 


τὴν α΄ τοῦ Σεπτευρίου, καὶ τὸ ἡμέτερον ἀπὸ τὴν α΄ τοῦ Μαρτίου. καὶ πρόσχες ἵνα μὴ 
συνάρξης αὐτά, καὶ ἐπακολουθήση τι ἄτοπον. ἀλλὰ τὸ μὲν Σετπτέβριον πρὸ μηνῶν ς, τὸ δὲ 
τὸν Μάρτιον μετὰ μῆνας ς. καὶ ἐκ περιουσίας τοῦτο ἄφελε ἀπὸ τὰ πετπληρομένα ἔτη τὰ 
Περσικὰ we (805 Yazdijird began a.p. 28 Nov. 1435) ἢ καὶ ἀπὸ τὸ Ἰουδαϊκὸν 
Ἑξαπτέριγον (the Hexapterygon of Michael Chrysococces) i8coy καὶ ἁπλᾶ ἔτη ἢ 
(273 Χ τὸ + 8 = 5195 years) καὶ τὰ λοιπά εἰσι τὰ ἡμέτερα ἔτη. 

Γίνωσκαι τρῶς εἰς τὰ ΚΝ ἔτη πετληρομένα Μαρτίου a’ ἦν Περσικὰ ἔτη πεπληρομένα we 
Τυρμᾶ e’ (A.D. I March 1436). ἐν τούτοις ἦν ὁ Ἥλιος εἰς τὴν μέσην κίνησιν Τοξότῃ ig An’ vd" 
μετὴν μέθοδον τῶν ἐτῶν τοῦ Παλαιολόγου, μετὰ γοῦν τὴν μέθοδον τῶν κανονίων τοῦ 
Χρισοκκούκη (George Chrysococces) eis Τοξότην is An’ ιζ΄. τὸ ὕψωμα αὐτοῦ μετοῦ 
Παλαιολόγου B κθ 10’ κζ΄, μετοῦ Χρισοκκούκη B KO 16’ κθ΄΄. 

Ἔτι τῆς Σελήνης ἡ μέση κίνησις μετοῦ Παλαιολόγου δκ iB’ νε΄΄, ἡ ἰδία κίνησις δ 1ιβ ιζ΄ κθ΄, 
τὸ κέντρον i Ιθ ν' η΄΄. μετοῦ Χρισοκκούκη ἡ μέση ὁδὸς δ K ιθ΄ vs", ἡ ἰδία κίνησις δ 16 il’ KL”, . 
τὸ KEVTPOV i 18 μη΄ κζ΄, αἱ Etroyal αὖται ἐγένοντο εἰς TO μῆκος μοιρῶν vl. 


Chrysococces gives the mean motion of the Sun, measured from its apogee, 
as 2,54;3,11° at the beginning of 765 Yazdiyjird (a.p. ὃ Dec. 1395), and the 
longitude of the solar apogee on the same date as 1,28;44,27°. The mean Sun 
and the apogee have respectively yearly motions of 5,59;44,49,20° and 
0;0,50,55°. At the beginning of 769 Yazdijird (A.D. 7 Dec. 1399) Chrysococces 
says that the mean motion of the Moon is 3;15,55°, its anomalistic motion 
29;42,1°, and its double elongation 3,34;7,16°; their yearly motions are re- 
spectively 2,9;23,2°, 1,28;43,7°, and 4,19;14,44°. For these functions, without 
the solar apogee, the motions for the 95 days from Farvardin 1 to Tir 5 are 
respectively 1,32;38,50°, 2,38;34,52°, 2,28;6,30°, and 2,11;51,37°. From these 
data one gets the following values for 5 Tir 805 Yazdiird (A.D. 1 March 1436). 


CHR YSOCOCCES TEXT TEXT—-CHRYSOCOCCES 
mean Sun 4,16;34,54° 4,16;38,17° 053/23" 
solar apogee 1,29;18,24° 1,29;19,29° Ὁ 5. 
mean Moon 2,193;39,59° 2,20;12,56° + 03;32,57° 
lunar anomaly 2,11;40,43° ZAZA 27" + 0;36,44° 
double elongation 5,183;49,17° 5,19;48,27° Ἔ 0359,10° 


Chrysococces’ figures are for the longitude of Tybéné (Tabriz), which is 729 E; 
the text’s are for a longitude of 579 E—1.e., on a parallel running close to 
Nicaea. The difference between the two is 15° or one hour. Therefore, to 
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multiply the entries in the column headed Text—Chrysococces by 24 should 
result in mean daily motions: 


(TEXT—-CHRYSOCOCCES) Χ 24 


mean Sun 1:21,129 
solar apogee 0;26° 
mean Moon 13;10,48° 
lunar anomaly 14;41,36° 
double elongation ᾿ 23340° 


Clearly, though these numbers, with the exception of that for the solar 
apogee, are all in the vicinity of what they should be, there was a serious lack 
of accuracy in the text’s computations. 

The Palaeologan Tables give results very close to those obtained by using 
Chrysococces’ work. It appears that it is the purpose of the text preserved 
in Burney ΟἹ to give the epoch values of these Palaeologan Tables; thus, it 
seems probable that the Palaeologan Tables were written shortly after 1 March 
1436 in or near Nicaea, and that the structure of its tables for determining the 
longitudes of the Sun and the Moon was modelled on Chrysococces’ tables. 

Additional Note: After this paper had already reached final proof, the author had the opport- 
unity of examining MS 859 of the Hamidiye Collection in the Siileymaniye Library in Istanbul, 


and found that the Arabic text of a shortened version of the Zij as-Sanjart which it contains is 
the same as that translated into Greek by Chioniades. 
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ASTRONOMICAL AND ASTROLOGICAL TEXTS 


® 
by David Pingree 
CONTENTS 
Introduction 
Kalyana (parapegma) 


Curtius Rufus (new moon months; paksas) 

Philostratus (planetary weekdays) 

‘Abd al-Bari‘ 

Sasanians (naksatras; planetary chords; decans; ΖΊΚ 1 Shahriyaran). 

Severus Sebokht (lunar nodes) 

Theophilus of Edessa (military astrology; zodiacal topothesia) 

Masha’allah (‘Era of the Flood”; planetary chords; cosmic magnet; navam- 
Sas) 

Ζῇ al-Sindhind (Kalpa; Caturyuga; mean motions; year-length; sidereal zodi- 
ac; trepidation; longitudes of apogees and nodes; ahargana; mean longitudes 
of planets; longitudinal difference; accumulated epact; trigonometric func- 
tions; equation of center; obliquity of ecliptic and method of declinations; 
equation of anomaly; combined effect of equations; time to first or second 
station; ascensional difference; terrestrial latitude; gnomon-shadows; lunar 
latitude; apparent diameters of sun, moon, and earth’s shadow; eclipse-limit; 
totality of eclipse; duration of eclipse and of totality; color of eclipse; 
longitudinal parallax; latitudinal parallax; latitudes of planets; value of 7) 
Rsi (interrogations) 

Bhiridasa and Buzurjmihr (Jovian dodecaeteris; theft) 

Abu Ma‘shar (nativity of Ceylonese prince; childbirth; ketu; lunar nodes; 
terms; decans; revolution of years of nativities; place of sun in nativity; 
astrological places; fulfillment of interrogations) 

Ja‘far al-Hindi (order of orbits of planets and fixed stars; benefic and 
malefic planets; quarters of a month; naksatras) 

Al-Qabisi (karanas) 

Simeon Seth (precession; star-catalog) 

Vaticanus graecus 1056 (interrogations) 
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XVIII. Parisinus graecus 2506 (lordships of months of pregnancy) 

XIX. _— Picatrix (names of planets) 

XX. Shams al-Din al-Bukhari (year-beginning; adhimdsas; Sin ἡ; sankutala and 
bahu) 

XXI. Conclusions 


J. INTRODUCTION 


Astronomy and astrology in India’ are not indigenous sciences, but are local 
adaptations and developments of Mesopotamian,’ Greco-Babylonian,’ and Greek * 
texts; and, at an early stage of their developments, parts of the Indian traditions had 
influenced Sasanian” and Syriac science before the rise of Islam. There existed, 
therefore, a more or less common understanding of astronomy and astrology in those 
regions of the world where Latin, Greek, Syriac, Pahlavi, and Sanskrit were used, 
though each culture had its particular idiosyncrasies and its special areas of sophisti- 
cation. Islam was the heir to all of these traditions,° which it was able to synthesize 
precisely because of their common features. The object of this paper is to attempt to 
isolate as many as possible of those elements of the Islamic adaptations of Indian 
astronomy and astrology that were included in the massive influx of translations of 


‘A survey of the Indian material relevant to these and related sciences, including mathe- 
matics, will be found in D. Pingree, Census of the Exact Sciences in Sanskrit (hereafter CESS), of 
which volumes 1 and 2 of Series A have been published: Al as vol. 81 of the Memoirs of the 
American Philosophical Society (Philadelphia 1970), A2 as vol. 86 (Philadelphia 1971); A3 is in 
press. Indian influences on European mathematics will be the subject of a separate paper. 

?See especially D. Pingree, ‘““Astronomy and Astrology in India and Iran,” Jsis 54 (1963) 
229-246, and “‘The Mesopotamian Origin of Early Indian Mathematical Astronomy,” Journal of 
the History of Astronomy (hereafter JHA) 4 (1973) 1-12. | 

ὅδε especially Ὁ. Pingree, ‘““A Greek Linear Planetary Text in India,” Journal of the 
American Oriental Society (hereafter JAOS) 79 (1959) 282-284; chap. 79 of D. Pingree, ed., The 
Yavanajataka of Sphujidhvaja, to appear in the Harvard Oriental Series; and O. Neugebauer and 
D. Pingree, eds. The Paficasiddhantika of Varahamihira, Danske videnskabernes Selskab, Hist.- 
filos. Skrifter 6. 1, 2 parts (Copenhagen 1970-1971). 

*See Ὁ. Pingree, ‘““On the Greek Origin of the Indian Planetary Model Employing a Double 
Epicycle,’” JHA 2 (1971) 80-85; “Precession and Trepidation in Indian Astronomy before A.D. 
1200,” JHA 3 (1972) 27-35; and “Concentric with Equant,” Archives internationales d’histoire 
des sciences 24 (1974) 26-28; for astrology see the commentary to the Yavanajataka, and 
D. Pingree, ed., The Vrddhayavanajataka of Minardja, to appear in the Gaekwad Oriental Series; 
and D. Pingree, ““The Indian Iconography of the Decans and Horas,” Journal of the Warburg and 
Courtauld Institutes 26 (1963) 223-254, and “Representation of the Planets in Indian Astrol- 
ogy,” Indo-Iranian Journal ὃ (1965) 249-267. | 

5See D. Pingree, ‘Indian Influence on Sassanian and Early Islamic Astronomy and Astrol- 
ogy,” Journal of Oriental Research, Madras 34-35 (1964-1966) 118-126, and F. Haddad, E. 5. 
Kennedy, and D. Pingree, eds., The Kitab ‘ilal al-zijat of al-Hashimi, to appear in the series of the 
Society for the Study of Islamic Philosophy and Science. 

6 See D. Pingree, “ΤΠ Greek Influence on Early Islamic Mathematical Astronomy,” JAOS 93 
(1973) 32-43. 
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Arabic science into Byzantine Greek and into Latin, as well as in the subsequent 
translations of this material from Greek into Latin and from Latin into Greek; I omit 
the immense quantity of Hebrew and vernacular texts, and also those Greek and 
Latin works whose information concerning Indian science is secondary within each 
culture. Though I have utilized as many printed and manuscript sources as could 
reasonably be obtained, I am aware that much that is relevant must have escaped my 
notice, and can only hope that others more versed especially in the Latin sources will 
continue this work. I have tried, where possible, to add to the citation of the Greek 
or Latin text one of a Sanskrit passage of appropriate antiquity expressing the same 
or a Similar idea; but, in the interest of avoiding excessive length, I have refrained 
from citing the Arabic intermediaries and from translating any passage. 

The period within which Arabic scientific texts were translated into Greek 
extended from the ninth to the fourteenth century, into Latin from the twelfth to 
the thirteenth only, though many more Latin translations were made in two cen- 
turies than Greek in six. The reason for the disparity, of course, lies in part in the 
fact that the Greeks generally possessed scientific texts superior or equal to those of 
the Arabs whereas the Latins did not. Moreover, in astronomy at least, the Latins 
received an Arab form more imbued with Indian elements than did the Byzantines; 
for the latter learned primarily from the astronomers of Maragha, who had essentially 
anticipated Copernicus’s mathematically significant reform of the Ptolemaic plane- 
tary models and had progressed far beyond the level attained by Indian astronomers, 
whereas the former came into contact first with a provincial Arab culture which, 
astronomically, had not passed through the process of Ptolemaicization that had 
occurred in the East. Thus, as we shall see, the earliest set of astronomical tables in 
Latin is the only surviving representative of the major Arabic adaptation of Indian 
astronomy; the Eastern Arabs did not regard such a primitive work as worthy of 
preservation. 


Il. KALYANA 


There existed extensive knowledge of India, more or less accurate, in the West in the 
Hellenistic and Roman Imperial periods. Little was known of Indian astronomy, 
however. Undoubtedly the most astonishing piece of evidence is an inscription of the 
late second century B.C. found during the excavations of the theater at Miletus. ’ 
This is a calendar of the heliacal risings and settings of certain fixed stars in which a 
number of earlier authorities are mentioned; among these is ὁ Ἰνδῶν Καλλανεύς. * 
These citations are as follows: 


7566 H. Diels and A. Rehm, ‘‘Parapegmenfragmente aus Milet,” Sitzungsberichte der Prus- 
sischen Akademie der Wissenschaften zu Berlin 23 (1904), Philos.-Hist. Cl., 92-111; and 
A. Rehm, “Weiteres zu den milesischen Parapegmen,” ibid. 752-759. I hope to deal separately 
with the astronomical reports of the followers of Alexander. 

®See CESS A2, 24b. 
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1. Kara δὲ Ἰνδῶν Καλ[λανέ]α Σκορπίος δύνει μετὰ βρον[τ]ῆς καὶ ἀνέμου. 

2. [ὙὝάδες ἑσπἸέριαι ἐπιτέλλουσιν [κατὰ Ἰνδῶν Kad JAavea. 

3. [Κατὰ δὲ Ἰ]νδῶν Καλλανέα [Πλειάδες ἐσπ)]έριαι δύνουσιν [καὶ ἐπι]σημαίνει 
χαλάζηι. 

4. Αἰξ ἑσπερία δύνει κατὰ ᾿ἸΙνδ[ίῶν) Καλλανέα. 

5. [Ὑάδες ἑώ]ιαι ἐπιτέλ[ίλουσιν κατ᾽ νδῶ]ν Καλλα[νέα]. 


The name KadAAaveus is surely a transliteration of the Sanskrit Kalyana or one of its 
Prakrit equivalents, but it is unclear whether it is a personal name or a generic term 
for a gymnosophist. Stars in three of the constellations named by Kalyana are used as 
yogataras in later Indian astronomy; these identifications can safely be made from 
the polar coordinates given in the Brahmasphutasiddhanta composed by Brahma- 
gupta at Bhillam4@la in Rajasthan in 628:" 


1. Σκορπίος. Jyestha is a Scorpii. 

2. ‘YdSes. Rohini is δ᾽ Tauri. 

3. Πλειάδες. Krttika is ἡ Tauri. 

4. Αἴξ. Capella or a Aurigae is not a yogatara. 


The appearance of Capella on the list naturally raises doubts about the possibility 
of its Indian origin. These are strengthened by the non-occurrence of this method of 
weather-prediction in India. For heliacal risings of fixed stars were certainly observed 
at an early period in India, as is proved by a famous passage in the Taittiriya- 
brahmana: 


yat punyam naksatram/ tadvat kurvitopavyusam/ yada vai stirya udeti/ 
atha naksatram naiti/ yavati tatra sryo gacchet/ yatra jaghanyam pasyet/ 
tavati kurvita yatkari syat/ punyaha eva kurute/"” 


But it was the moon’s conjunctions with the naksatras that were thought to affect 
the weather, not their heliacal risings or settings; see, for instance, the varsadhyaya in 
the Sardiilakarnavadana,'' a Buddhist anti-caste tract at least as old as the first 
century A.D. We must conclude, then, that even if KaAAavevs was an Indian, he 
followed a Greek rather than an Indian tradition. 


I]. CURTIUS RUFUS 


Further evidence of a knowledge of Indian astronomy or astrology among the ᾿ 
ancient Greeks is very scanty indeed. Quintus Curtius Rufus in the middle of the first 


9 See Ὁ. Pingree in Dictionary of Scientific Biography (henceforth DSB) 2 (New York 1970) 
416-418; vols. 1-10 have so far appeared. The data concerning the stars is taken from my edition 
of the Brahmasphutasiddhanta now under preparation. 

"9 N.S. Godabole, ed., Taittiriyabrahmana 1.5.2.1, Anandasrama Sanskrit Series 37, 2 vols. 
(Poona 1898). 

τς Mukhopadhyaya, ed., Sardiilakarnavadana (Santiniketan 1954) 68-79. 
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century A.D. aScribes to the Indians a form of prediction from the stars (astral 
omens), the use of amanta (from new moon) rather than purnimanta (from full 
moon) months, and the division of each synodic month into two paksas, each 
containing fifteen “days” (tithis).'* Strabo at the end of the first century B.C. had 
also noted that the Brahmanas study astronomy.’* The astronomical system to 
which these two authors refer would have been that of the Jyotisavedanga. 


IV. PHILOSTRATUS 


Philostratus, in his life (written in the early third century) of Apollonius of Tyana, a 
wandering sage of the end of the first century, reports that an Indian philosopher 
named Jarchas was an expert in astrology, and gave Apollonius seven planetary rings 
of which the appropriate one was to be worn on each planetary weekday.'” Though 
astral divination was introduced into India from Mesopotamia in the fifth or fourth 
century B.C., the first work on genethlialogy in Sanskrit that we know of is the 
translation made by Yavanesvara in A.D. 149/150 from a Greek text written in 
Egypt (probably Alexandria) in the first half of the second century A.D.; of the 
translation of Yavanesvara there survives a versification, the Yavanajataka, made by 
Sphujidhvaja in A.D. 269/270, in which the planetary weekdays are mentioned. °° 
The anecdote, therefore, appears improbable in the context of Apollonius’s lifetime, 
though it has been used as evidence that the Indians knew the planetary weekdays 
already in the first century A.D.'° Considering the generally unreliable character of 
Philostratus’s romance, one must certainly repugn this story’s authenticity. 


V. ‘ABD AL-BARI‘ 


The only other reference to Indian astronomy or astrology in pre-Islamic Greek and 
Latin texts that Iam aware of occurs in the seventh-century Chronicon Paschale, ἡ" 
which says that one ᾿Ανδουβάριος of the race of Arphaxad first composed works on 
astronomy for the Indians at the time of the Tower of Babel. The tale is obviously a 
fable, and the name (one should read ᾿Αβδουβάριος) Semitic.'* Curtius Rufus’s 
reference to the amdanta months and the paksas, then, remains the only genuine trace 
of a knowledge of Indian astronomy in the West in the classical period. 


'? De rebus gestis Alexandri Magni 8.9; ed. H. Barden, 2 vols. (Paris 1947-1948). 

13 Tewypaguxa 15.70; ed. A. Meineke, 3 vols. (Leipzig 1866); see also Clemens Alexandrinus, 
Στρωμάτεις 3.194; ed. O. Stahlin and L. Friichtel, 2 vols. (Berlin 1960-1970). 

'4 Td els τὸν Tvavéa ᾿Απολλώνιον 5.41; ed. F. C. Conybeare, 2 vols. (London 1912). 

15 Yavanajataka (n. 3 above) 79.55. | 

"© A. Cunningham, ‘‘The Probable Indian Origin of the Names of the Weekdays,” Indian 
Antiquary 14 (1885) 1-4. 

"7 L. Dindorff, ed., Chronicon Paschale 1 (Bonn 1832) 64. 

'® CESS Al, 43a. 
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VI. SASANIANS 


The Indian influence on Sasanian science has already been referred to. Specifically, 
with regard to astronomy and astrology, one knows the following data. 


1. A book by an Indian named Farmasb (the name may be an attempt to 
transliterate Paramesvara)'” is said by Ibn Nawbakht, one of Harin al-Rashid’s 
astrologers, to have been translated into Pahlavi under Ardashir I (226-240).”° 

2. References to the navamsas (called μὸ bahr) were inserted into the Pahlavi 
translation of the astrological poem of Dorotheus of Sidon in the third and fourth 
century.” 

3. The Bundahisn, in a passage which must date from after the early fifth 
century, lists the twenty-seven naksatras of Indian ‘astronomers, beginning with 
Asvini.”” 

4. The Bundahisn in another passage ascribes to Gayomart the horoscope of a 


ΜΕ 3 
mahapurusa.° 


5. This same passage refers to the chords that bind the planets to the chariot of 
the sun, an idea that occurs elsewhere in Sasanian texts’ and that seems to be 
Indian in origin; it reached the Latin West, as we shall see below, through Masha’- 
allah. 

6. Indian descriptions of the decans seem to have reached Abii Ma‘shar through a 
Sasanian source.” 

7. It is probable that a Sasanian astronomical zik was composed in about A.D. 
450; if so, the one parameter ascribed to it is derived from the Brahmapaksa of 
Indian astronomy. 


1° F Justi, Iranisches Namenbuch (Marburg 1895) 90, conjectures Paramasva, which seems 
much less likely as a name in Sanskrit. 

2° Quoted by Ibn al-Nadim, Kitab al-Fihrist (Cairo n.d.) 345-348; see Ὁ. Pingree, The 
Thousands of Abii Ma‘shar, Studies of the Warburg Institute 30 (London 1968) 9-10. 

21 Ὁ, Pingree, ed., Carmen astrologicum 5.5, 26 (Leipzig 1976). 

22, W. B. Henning, ‘“‘An Astronomical Chapter of the Bundahishn,” Journal of the Royal 
Asiatic Society (1942) 229-248, esp. 242-246. Henning’s argument about the date is irrelevant 
since the list is Indian. But the earliest Sanskrit text to place Asvini at the beginning of Aries is 
3.2 of the Paitamahasiddhanta of the Visnudharmottarapurana, a work of the early fifth century; 
see D. Pingree, “The Paitamahasiddhanta of the Visnudharmottarapurana,” Brahmavidya 31-32 
(1967-1968) 472-510. 

23 The passage is translated by Ὁ. N. Mackenzie, ‘‘Zoroastrian Astrology in the Bundahisn,’’ 
Bulletin of the School of Oriental and African Studies 27 (1964) 511-529; for its interpretation 
see D. Pingree, ““Masha’allah: Some Sasanian and Syriac Sources,” in G. F. Hourani, ed., Essays 
on Islamic Philosophy and Science (Albany 1975) 5-14. There exists a Byzantine version of 
this horoscope, edited by J. Bidez in Catalogus codicum astrologorum graecorum (hereafter 
CCAG) 5.2 (Brussels 1906) 131-137. 

24 Pingree, ‘‘Astronomy and Astrology” (n. 2 above) 242. 

25 Pingree, ‘Indian Iconography” (n. 4 above). 

26 The allegation that the Persians observed the solar apogee in ca. A.D. 450 is made by Ibn 
Ytinus; see E. S. Kennedy and B. L. van der Waerden, ““The World-year of the Persians,’ JAOS 83 
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8. In 556 Aniishirwan had his astronomers compose a Zik i Shahriyaran which 
employed parameters from a Zi al-Arkand, which evidently belonged to the ardhara- 
trikapaksa.’" These ardharatrika parameters also were used in the Zik i Shahriyaran 
written under Yazdijird II] between 632 and 652,” and some were retained by early 
‘Abbasid astronomers. 

9. A series of horoscopes of the vernal equinoxes of the coronation years of the 
Sasanian kings was computed in early ‘Abbasid times by means of an Indian 
astronomical system close to the ardharatrikapaksa, though it is not clear whether 
this was available in Pahlavi or was introduced into Islam only in the eighth 
century.” 


VII. SEVERUS SEBOKHT 


Evidence for an Indian influence on Syriac science is more meager; one can conjec- 
ture that it came through Sasanian intermediaries. The earliest detectable reference 
to Indian science in Syriac is in the works of Severus Sebokht of Nisibis, the bishop 
of Qenneshré in the middle of the seventh century.’ In A.D. 662 he wrote the 
following (I quote the French translation of Nau): 


‘“J’omets maintenant de parler de la science des Hindous, qui ne sont 
méme pas Syriens, de leurs découvertes subtiles dans cette science de 
Pastronomie — (découvertes) qui sont plus ingénieuses que celles des 
Grecs méme et des Babyloniens — et de la méthode diserte de leurs 
calculs, et de leur comput qui surpasse la parole, je veux dire celui qui 
(est fait) avec neuf signes. Si ceux qui croient étre arrivés seuls a la limite 
de la science parce qu’ils parlent grec, avaient connu ces choses, ils 
seraient peut-étre convaincus, bien qu’un peu tard, qu'il y en a aussi 
d’autres qui savent quelque chose, non seulement des Grecs, mais encore 
des hommes de langue différente.”””’ 


The problem of the history of the Indian numerals to which Severus here alludes will 
be dealt with more extensively elsewhere; what interests us now is his reference to 
Indian discoveries in astronomy. Unfortunately, he is not specific, and the only 


(1963) 315-327, esp. 323. For the Indian derivation of the parameter see D. Pingree, “The 
Persian ‘Observation’ of the Solar Apogee in ca. A.D. 450,” Journal of Near Eastern Studies 
(hereafter JNES) 24 (1965) 334-336. 

27 See al-Hashimi, section 7 (n. 5 above), and the commentary thereto. This zik of Anidshir- 
wan was used by Masha’allah; see Ε. 5. Kennedy and D. Pingree, The Astrological History of 
Masha@‘allah (Cambridge, Mass. 1971) 69-88. 

28 See E. S. Kennedy, ‘‘The Sasanian Astronomical Handbook Z7-i Shah and the Astvelogieal 
Doctrine of ‘Transit’ (Wamarr),” JAOS 78 (1958) 246-262. 

29 Ὁ. Pingree, ‘“‘Historical Horoscopes,” JAOS 82 (1962) 487-502, and (n. 20 above) 82-93. 

3° References will be found in Pingree (n. 6 above) 34-35, esp. nn. 14, 15, and 19. 

31 F. Nau, ‘‘Notes d’astronomie syrienne,’ Journal Asiatique 10.16 (1910) 209-228, esp. 
225-227. 
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possible indication of an Indian influence that I have discovered in his published 
writings is his reference to the ascending and descending nodes of the moon as being 
called the head and the tail respectively.” They are ordinarily named the head and 
tail of a celestial snake called Rahu in Sanskrit astronomical texts; thus, for example, 
in Varahamihira’s Paricasiddhantika 7.2. Frequently the head is called Rahu, the tail 
Ketu; of Ketu more will be said later on. But the concept of a snake or dragon 
(gocihr) whose head and tail are the lunar nodes is also Sasanian; it is found, for 
example, in the Bundahisgn.** It seems likely, then, that some lost Pahlavi work was 
an intermediary between the Indians and Severus Sebokht. 


VIII. THEOPHILUS OF EDESSA 


The same may be conjectured with respect to the Syrian astrologer, Theophilus of 
Edessa, who, after serving as advisor to the Caliph al-Mahdi (775-785), died — 
allegedly at the age of ninety — on 15/16 July 785.°° Though best known for his 
lost translations of the Homeric epics into Syriac, Theophilus’s three surviving works, 
all astrological, are preserved more or less intact only in Greek. They are: 


1. Πόνοι περὶ καταρχῶν πολεμικῶν, in forty-one chapters, addressed to his son 
Deucalion. This work on military astrology has many similarities to such Sanskrit 
works as Varahamihira’s Brhadyd@tra, written in about 550: compare, for example, 
1.2, which states that the invader is indicated by the ascendant, the besieged by the 
descendant, with Brhadyatra 2.13. 

2. [’AmoreAcouatikd], in thirty chapters, also addressed to Deucalion. This is an 
introductory astrological textbook which also seems to have been influenced by 
Indian astrology. Compare, for example, 13 (see also Protagoras of Nicaea in 
Hephaestio 3.47.56),° which contains a topothesia of the zodiacal signs, with 
Sphujidhvaja, Yavanajataka 1.14-25.°’ 


This Indian zodiacal topothesia was also used by Abu Ma‘shar in his Kitab 
al-madkhal al-kabir (6.8; see also Ghulam Zuhal in London, British Library MS Add. 
23,400 fol. 17 and al-Birtint’s Tafhim).** Thence it was translated before 1000 into 
Byzantine Greek as Μυστήρια 3.22." This appears in a fuller form in the Latin 
translation made by Hermann of Carinthia in 1140.*° 


32 Thid. 219-224. 

33 MacKenzie (n. 23 above) 515-516. 

34} am now preparing an edition of his surviving works in Greek and Arabic from which the 
question of his sources should be clarified. 

55 Varahamihira, Brhadyatra, ed. Ὁ. Pingree (Madras 1972). 

36 Protagoras of Nicaea in Hephaestio, ed. D. Pingree, 2 vols. (Leipzig 1973-1974). 

37 These verses occur also in Minaraja’s Vrddhayavanajataka (n. 4 above) as 1.4-15. 

δ R. R. Wright, ed., The Book of Instruction in the Elements of the Art of Astrology 
(London 1934) 221. 

39 Ed. I. Heeg, CCAG 5.3 (Brussels 1910) 131-132. 
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3. Περὶ καταρχῶν διαφόρων. This important text on catarchic astrology was 
originally divided into twelve sections, one for each of the astrological places; most 
of the first ten sections survive. It is likely that in this work also Theophilus has 
drawn upon Indian material available in Syriac, but no details can at present be given. 
It is also highly probable that some of the Indian material in the Picatrix, which will 
be discussed below, came through Syrian intermediaries at Harran. 


IX. MASHA’ALLAH 


Masha’allah, the son of Athari, a Persian Jew from Basra, was active as an astrologer 
in ‘Iraq from 762 till 809; he died in about 815.°' He wrote a large number of 
astrological treatises, of which some survive in Arabic, more in Latin translations, and 
a few fragments in Byzantine Greek. Like Theophilus he had access to Syriac sources, 
but more influential in his intellectual development was Sasanian science. Of interest 
to us are the following: 


1. The De elementis et orbibus coelestibus or De scientia motus orbis*’ in 
twenty-seven chapters is a Latin translation by Gerard of Cremona of a lost Arabic 
original. Chapter 1 contains the statement that the Indians have said that God is the 
cause of things just as the sun is the cause of heat, without His knowing that He is the 
cause. It is not clear to me what Indian sect, if any, adheres to the view that the 
Creator is ignorant of his own creation, though Brahma (or anyone else) may well be 
indifferent. 

In Chapter 20 Masha’allah argues that the heart of Leo and of Scorpio, and the 
Vulture and the Fish, were in the time of the Flood in certain degrees of the ecliptic, 
but that now their longitudes are greater. This statement concerning the precession 
of the equinoxes contains a reference to the “Era of the Flood,” a Sasanian date 
corresponding to -- 3360, or 259 years before the beginning of the current Kaliyuga, 
according to Indian astronomers, at midnight of 17/18 February -3101 or at dawn 
of Friday 18 February -3101. This “Flood” era was used by Masha’allah in his Kitab 
fi al-giranat wa al-adyan wa al-milal,** wherein he discusses horoscopes cast by 
means of the Zik i Shahriyaran of Anushirwan, which, as we have seen, was strongly 
influenced by Indian astronomy. 

Others who cite this “Era of the Flood,” or the Jupiter-Saturn conjunction 
signifying it in -3380,°" and its difference from the beginning of the Kaliyuga, also 


4° Abii Ma‘shar, Introductorium in astronomiam, published by E. Ratdolt (Augsburg 1489). I 
have not used the translation by John of Seville. 

41 Ὁ, Pingree in DSB 9 (New York 1974) 159-162. 

421 Heller, ed., De elementis et orbibus coelestibus (Nuremberg 1549); cf. also M. Power, An 
Irish Astronomical Text (London 1914). This work is discussed in some detail in Pingree (n. 23 
above). 

“3 Kennedy and Pingree (n. 27 above) 41-44, 70, 77-78, and 93-94. 

44 Ibid. 40-41, 70, 77, and 90-93. 
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called the “Era of the Flood,” include al-Jahani in his De diversarum gentium eris, 
annis ac mensibus, et de reliquis astronomiae principiis,*” which survives only in a 
Latin translation of Gerard of Cremona; in chapter 27 he cites Kanaka,*° an Indian 
who practiced astrology in Baghdad in the late eighth century, on this subject. One 
may also cite ‘Umar ibn al-Farrukhan, a contemporary of Masha’allah and Kanaka, as 
quoted by an anonymous author in Newminster in 1428,°’ and Abii Ma‘shar, who 
discusses the matter in his Kitab al-qiranat according to the Latin translation by John 
of Seville.*° 

Elsewhere in the De orbibus Masha’allah describes simple planetary models em- 
ploying only eccenters and epicycles which are very similar to those described by 
Aryabhata in about 499 and by his followers; however, these may be independent 
reflexions of lost Hellenistic models.’” 

Another element of Indian (and Sasanian) astronomy, the chords of wind that 
cause the inequalities in planetary motion, is referred to by Masha’allah in two 
fragments quoted together by ‘Ali ibn abi al-Rijal in his Kitab al-bari‘; there is a Latin 
translation by Aegidius de Thebaldis.’” The locus classicus in Sanskrit astronomy for 
the chords of wind that cause the inequalities of planetary motion is in the 
Stiryasiddhanta.’' This theory of the planetary chords is also well established as 
having been popular among Sasanian astronomers, as has been noted above. 

One other quasi-astronomical concept of Masha’allah’s which may have, ulti- 
mately, an Indian origin is found in his De ratione circuli et stellarum et qualiter 
operantur in hoc seculo, also known as the Epistola Messahalae de rebus eclipsium et 
de coniunctionibus planetarum in revolutionibus annorum mundi, which survives in a 
Latin translation by John of Seville’* and Hebrew by Abraham ibn Ezra.*° In 
chapter 1 Masha’allah compares the influence of the planets on the earth to the 
influence of a magnet on iron. In the sixth century Varahamihira had stated that the 


4° Al-Jahani, De diversarum gentium eris..., ed. 1. Heller (Nuremberg 1549); on al-Jahani or 
al-Jayyani, an eleventh-century astronomer from Jaén in Andalusia, see Y. Dold-Samplonius and 
H. Hermelink in DSB 7 (New York 1973) 82-83. 

4° See Ὁ. Pingree in CESS A2.19a-19b, and in DSB 7.222-224. 

11 Kennedy and Pingree (n. 27 above) 191. 

48 Abii Ma‘shar, De magnis coniunctionibus 1.1; printed for Melchior Sessa by Jacobus Pentius 
de Leucho (Venice 1515); see also Pingree (n. 20 above) 4142. 

4° Pingree (n..23 above). 


°° Ibn abi al-Rijal, De iudiciis astrorum 5.15; ed. A. Stupa (Basel 1551); on Ibn abt al-Rijal, an 
eleventh-century astrologer from Qayraw4n in Tunisia, see D. Pingree in Encyclopaedia of Islam, | 
new ed. 3 (Leiden 1971) 688 (hereafter ΕΠ. 

°! MM. S. Dvivedi, ed., Siiryasiddhanta 2.1-2, Bibliotheca Indica 173 (Calcutta 1925). The 
position of the sighrocca on its epicycle, it should be noticed, is determined by the longitude of 
the mean sun measured on the concentric deferent. The theory of chords binding the planets is 
also referred to by Ibn al-Muthanna, ed. Millds (n. 68 below) 120, ed. Goldstein (n. 69 below) 46 
and 172. 

52 Masha’allah, De ratione circuli..., ed. 1. Heller (Nuremberg 1549), and N. Pruckner in Julii 
Firmict Materni Astronomicn libri VIII (Basel 1551) pt. 2, 115-118. 

°°? B. Goldstein, “‘The Book on Eclipses of Masha’allah,”’ Physis 6 (1964) 205-213. 
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earth is kept at the center of the universe like a piece of iron at the end of a 
magnet.” | 

Another fragment of Masha’allah in Greek describes the Indian theory of the 
navamsas, how to find their lords, and their use in interrogations. These navamsas 
first appear in the Yavanajataka of Sphujidhvaja;’’ that the Sasanians had knowledge 
of them is proved by their having been inserted in the Pahlavi version of Dorotheus, 
as has been noted previously. This text is edited from Vaticanus graecus 1056 (V) 
fol. 48rv in Appendix 1, together with a related Byzantine text.°° 

A knowledge of methods of finding the lords of the navamsas also reached the 
West through the works of Abii Ma‘shar. I edit in Appendix 2 Μυστήρια 1.140 from 
Angelicus graecus 29 (E) fols. 34v-35. 

Abu Ma‘shar also describes methods of finding the lords of the navamsas in his 
Kitab al-madkhal al-kabir 5.14, which was twice translated into Latin as we have 
seen, but was omitted by the Byzantine compiler of Μυστήρια 3, and in his Kitab 
ahkam sini al-mawalid 3.9, which was translated into Greek*’ before 1000 and from 
Greek into Latin®* in the thirteenth century. Another route by which a knowledge 
of these navamsas reached the West was through the Latin translation by John of 
Seville of al-Qabisi’s Al-madkhal ila sina‘at ahkam al-nujum.°° 


Xx. ZIJ AL-SINDHIND 


Though some Indian astronomical texts related to the Aryabhatiya written by 
Aryabhata’’ (whose epoch is 499) and to the Khandakhadyaka written by Brahma- 
gupta’’ (whose epoch is 665) had influenced Arabic astronomy in the first half of 
the eighth century, the primary direct infusion of Indian material into Islam occurred 
when an embassy from Sind to the court of al-Mansiir in Baghdad in 771 or 773 
included an Indian who had the text of a siddhanta, probably entitled Mahasia- 
dhanta, which belonged to the Brahmapaksa of Indian astronomy.®’ This was 


°4 Paricasiddhantika (n. 3 above) 13.1. 

55 Yavanajataka (n. 3 above) 1.35, 1.41, 52.9; cf. 59.1-11. 

°° Part of this related text is copied in pseudo-Palchus 114, edited by 5. Weinstock in CCAG 
9.1 (Brussels 1951) 161-168. This same chapter in pseudo-Palchus contains an excerpt from a 
similar text preserved in the tenth- or eleventh-century Byzantine translation of an astrological 
compendium ascribed to Ahmad the Persian, wherein it is 2.26. 

7 Abu Ma‘shar, De revolutionibus nativitatum, ed. D. Pingree (Leipzig 1968); see also the 
recension of Isidore of Kiev on pp. 240-244, and 9.7. 

°° Ed. H. Wolf in Eis τὴν τετράβιβλον τοῦ Πτολεμαίου ἐξηγητὴς ἀνώνυμος (Basel 1559) 
207-279. : 

°° Al-Qabisi, Libellus ysagogicus, published by E. Ratdolt (Venice 1482) d 3; on al-Qabisi, a 
tenth-century astrologer from Aleppo, see D. Pingree in EJ 4.340-341, and in DSB. 

6° Al-Hashimi section 3 (n. 5 above). 

61 Ibid. section 4. | 

“2 For the paksas see D. Pingree, ‘‘On the Classification of Indian Planetary Tables,’ JHA 1 
(1970) 95-108; on Brahmagupta see n. 9 above. 
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rendered into Arabic with additions from other sources by al-Fazari°* as the Zi 
al-Sindhind al-kabir. Al-Fazari wrote several other astronomical works related to the 
Sindhind, as did also Ya‘qub ibn Tariq.” 

This material was used by al-Khwarizmi®’ in his ΖΗ al-Sindhind, composed during 
the reign of al-Ma’miin (813-833). Though this work is now lost in Arabic save for 
some fragments, it was revised in Spain in the tenth century by al-Majriti and Ibn 
al-Saffar, and in that recension became the first serious text on mathematical 
astronomy known to the Latin West when Adelard of Bath translated it in 1126. °° 
The Zij al-Sindhind was commented on in the ninth century by several authors 
including al-Farghani;°’ this commentary was used in the tenth century as a basis for 
his own exegesis by Ibn al-Muthanna. The Arabic original of Ibn al-Muthanna’s work 
is lost, but was translated into Latin by Hugh of Sanctalla®* in the twelfth century, 
and into Hebrew by Abraham ibn Ezra*®” in the same century; Abraham also used it 
in his De rationibus tabularum.”’ Further Arabic texts dependent on the Ζῇ of 
al-Khwarizmi and written in Spain in the eleventh century include the Tabulae Jahen, 
translated into Latin in the twelfth century by Gerard of Cremona,’ and the 
Toledan Tables, apparently also translated by Gerard.”’ The Toledan Tables were 
translated into Greek on Cyprus in the fourteenth century, apparently by George 
Lapithes.”” One final channel through which the Sindhind reached the West was 
through the works of Abi Ma‘shar, who used it in his lost Zi al-hazarat.” 

In the following discussion of the discernible impact of the Sindhind tradition on 
Byzantine and medieval Latin astronomy and astrology, I follow the order of the 
Brahmasphutasiddhanta (BSS).’” 1 will refer for the ardhardtrikapaksa or Arkand, ** 
which also influenced the Sindhind, to Brahmagupta’s Khandakhadyaka (ΚΗ). 


63 Ὁ, Pingree, “Τῆς Fragments of the Works of al-Fazart,” JNES 29 (1970) 103-123. 

64 Ὁ Pingree, ‘‘The Fragments of the Works of Ya‘qiib ibn Tariq,” JNES 27 (1968) 97-125. 

65 G. J. Toomer in DSB 7.358-365. 

66 A. Bjgrnbo, R. Besthorn, and H. Suter, eds., Die astronomischen Tafeln des Muhammad ibn 
Musa al-Khwarizmi, Hist.-filos. Skr. (n.3 above) 3.1 (Copenhagen 1914); O. Neugebauer, The 
Astronomical Tables of al-Khwarizmi, Hist. Filos. Skr. Dan. Vid. Selsk. 4.2 (Copenhagen 1962). 
On the two independent examinations of the Arabic material represented in Latin manuscripts 
see G. J. Toomer’s review of Neugebauer’s book in Centaurus 10 (1964) 203-212, esp. 210-212. 

67 See al-Hashimi sections 11, 15 and 34 (n. 5 above); on al-Farghani see A. I. Sabra in DSB 4 
(New York 1971) 541-545. 

68 EF. Millas Vendrell, ed., El comentario de Ibn al-Mutanna’ a las Tablas Astronomicas de 
al-Jwarizm? (Madrid 1963). 

°° B. R. Goldstein, Jbn al-Muthanna’s Commentary on the Astronomical Tables of al-Khwar- 
izmi (New Haven 1967); this book includes a second Hebrew translation also. On Abraham see 
the inadequate article by M. Levey in DSB 4.502-503. 

7° Abraham ibn Ezra, El libro de los fundamentos de las tablas astronomicas, ed. J. M. Millas 
Vallicrosa (Madrid 1947). 

™ 1. Heller, ed., Tabulae Jahen (Nuremberg 1549). 

72 See G. J. Toomer, “Α Survey of the Toledan Tables,” Osiris 15 (1968) 5-174. 

73 See Ὁ. Pingree, “The Byzantine Version of the Yoledan Tables: The Work of George 
Lapithes?”’, to appear in Dumbarton Oaks Papers (hereafter DOP) 30. 

74 See Pingree (n. 20 above). 

7° §. Dvivedin, ed., Brahmasphutasiddhanta (Benares 1902). 
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The length of a Caturyuga according to BSS 1.7a-b is 4,320,000 years, that of a 
Kalpa according to BSS 1.10 is 4,320,000,000 years. Though these values were well 
known to Arab astronomers, and corruptly to Abraham ibn Ezra,’* they do not to 
my knowledge appear in any Greek or Latin text. Moreover, the planets, their nodes, 
and their apogees are stated in BSS 1.14 to conjoin at the beginning of Aries at the 
beginning and the end of a Kalpa. This is clearly stated by Ibn al-Muthanna.”” 

The mean motions of the planets in the Sindhind and the longitudes of their 
apogees and nodes are (save in the case of Saturn) directly derived from their 
rotations in a Kalpa as given by the BSS, and their mean daily motions from that and 
the number of civil days in a Kalpa assumed by the BSS. This information is given in 
BSS 1.15-22. 

These rotations are precisely identical with those given by al-Fazari with the 
exceptions that he gives Saturn 146,569,284 instead of 146,567,298, and that he 
allows the sphere of the fixed stars to rotate 120,000 times while Brahmagupta 
denies any motion to the sphere of the fixed stars.°° BSS 1.22 indicates that the civil 
days in a Kalpa number 1,577,916,450,000; this number is correctly given by Ibn 
al-Muthanna.”’ Ibn al-Muthanna proceeds to give the correct procedure for deter- 
mining a planet’s mean daily motion. The number is less correctly preserved by 
Abraham ibn Ezra,°’ who also refers to the conjunctions at the beginning and end of 
the Kalpa. 

If one follows the procedure prescribed by Ibn al-Muthanna, one finds that the 
mean daily motions of the planets and of the moon’s apogee and node are precisely 
identical in al-Fazari and in tables 4-20 of al-Khwarizmi’s Ζῇ; ἡ these in turn are 
identical with the values in the BSS save in the case of Saturn: 


BSS al-Fazari 
0:2,0,22,51,43,540/d 0:2,0,22,57,36,160/d 


One aspect of the mean solar motion in the BSS is the fact that a sidereal year 
contains 6,5;15,30,22,30 days. This parameter appears in table 115 of al-Khwarizmi’s 


76 The Ζῇ al-Arkand is referred to by name by Abraham ibn Ezra as contradicting the number 
of civil days in a Kalpa of the Sindhind (n.70 above) 89. Abraham’s statement is true; the 
ardharatrikapaksa uses a different year-length from that of the Brahmapaksa, and in any case 
employs a Caturyuga with mean grand conjunctions at Aries 0° instead of a Kalpa with true 
grand conjunctions. 

77 Brahmagupta, Khandakhadyaka, ed. B. Chatterjee, 2 vols. (Calcutta 1970). 

7’ In the preface to his Hebrew translation of Ibn al-Muthanna, Goldstein (n. 69 above) 
147-148; this is Pingree (n. 64 above) fr. Z 2. 

7? Millas (n. 68 above) 105; Goldstein (n. 69 above) 26 and 152. 

δ0 Pingree (n. 63 above) fr. Z 5; cf. Pingree (n. 64 above) fr. Z 1. 

51 Millas (n. 68 above) 105; cf. Goldstein (n. 69 above) 26 and 152. 

82 Abraham ibn Ezra (n. 70 above) 88-89. 

*? See Neugebauer (n. 66 above) 90-94; see also chapters 18-21, and J.J. Burckhardt in 
Vierteljahresschrift der naturforschende Gesellschaft, Ziirich 106 (1961) 213. 
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2 and is directly expressed by Ibn al-Muthanna’’ in two forms: as days and 
hours, and as an excess of revolution in time-degrees. For 0;15,30,22,30 days = % 
day + 0;12,9 hours; and 0;15,30,22,30 days = 93:2,15 time-degrees. Roundings of 
these parameters are given by Abraham ibn Ezra;*° for 4 + 1/120 = 0;15,30, which 
number of days corresponds to 93 time-degrees. 

As the year-length indicates, the zodiac of the BSS is fixed with respect to the 
fixed stars.°’ The result of this situation is obviously that discrepancies in longitude 
will arise between tables based on Indian parameters and those using a tropical 
zodiac. This was noticed by Abraham ibn Ezra: 


Nam si quis velit coequare planetas in tabulis Indorum secundum tempus 
Ptolomei, inveniet Solem intrasse caput Arietis 7 diebus ante illum diem 
in quo intrare Ptholomeus probavit illum. Si autem velimus equare Solem 
cum intrat caput Arietis secundum magistros probationum vel cum alibi 
est in nostro tempore, inveniemus eum intrare caput Arietis 9 diebus ante 
illum diem in quo secundum tabulas Indorum intrare invenietur, et hoc 
quidem negari non potest cum possit fieri huius rei manifestatio et per 
astrolabium et per umbram.”* 


Abraham states that he wrote this work in 1154, that is, about 600 years after the 
Indian zodiac was fixed; at that time there was a difference of about 3° between the 
beginnings of Ptolemy’s tropical and the Indians’ sidereal zodiac. The two coincided in 
A.D. 837, so that the difference in the date of the beginning of the solar year in 1154 
should be only about 3 days instead of 7. Abraham’s error arises from comparing the 
longitudes of Regulus according to Ptolemy, the Zi al-Mumtahan, and the Indians: 


Similiter invenimus quod Ptholomeus probavit in suo tempore cor Leonis 
in 3° gradu Leonis esse fere, hodie vero invenitur probatione in 18° gradu 
Leonis; Indi vero asserunt cor Leonis semper inmobilem consistere in 25 
minuto 10! gradus.”° 


The 7 presumably is an approximation to 10:25 - 3, the 9 an inaccurate result of 
18 - 10;25. But in fact the longitude of Regulus in 137 according to Ptolemy was 
Leo 2:30", so that in 1154 it would have been Leo 12:40“. The longitude of Regulus 
according to BSS 10.1-8 is Leo 9°; Abraham’s 10;25° comes from applying to that 
longitude 1;25° of precessional motion, which represents the 142 years between the 
date of the BSS, 628, and the date of al-Fazari, 770, at the Ptolemaic rate of 
precession that al-Fazari followed. The rate of precession in the Zi al-Mumtahan is 
1° in 66 years, as will be seen below; this results in a longitude for Regulus of Leo 
17;54°, which is close enough to Abraham’s figure. 


84 Neugebauer 131. 

85 Millas (n. 68 above) 200; Goldstein (n. 69 above) 133-134. 
86 Abraham ibn Ezra (n. 70 above) 75; see also 79. 

87 See Pingree, ‘‘Precession and Trepidation” (n. 4 above). 

88 Abraham ibn Ezra (n. 70 above) 81; see also 86. 

89 Ibid. 109. 
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Though Abraham recognizes the fixed nature of the Indian zodiac, yet he refers to 
an Indian theory of trepidation, employing two small circles whose centers are the 
beginnings of Aries and Libra respectively, and having an amplitude of 8°. It is 
certainly true that the Indians had various theories of precession and trepidation 
derived from the Greeks,” though Brahmagupta denies them; but neither the model 
nor the parameter ascribed to them by Abraham is attested in the Sanskrit texts 
investigated by me. 

Before discussing the longitudes of the apogees and the nodes in al-Khwarizmi’s 
zij, we must note that a knowledge of their motion was a part of the Sindhind 
tradition;?> in fact, Abi Ma‘shar apparently stated that the motion of the sun’s 
apogee in 1000 years is 0;2,14°, when according to the BSS it should be 0;2,24°.*° 
Abraham ibn Ezra states that the node of Saturn moves less than 0:2 in 1000 
years. According to the verses of the BSS cited above, Saturn’s node rotates 584 
times in a Kalpa — that is, it travels 210,240 degrees in 4,320,000,000 years, or 
0;2,55,12° in 1000 years. Perhapstone should read tra in place of dua in Abraham’s 
text. 

Elsewhere Abraham apparently describes the nodal motion as retrograde.’” The 
apogees of the five star-planets, however, are considered by the Indians to be fixed 
with respect to the fixed stars according to Abraham.”’ This refers to the sidereally 
fixed apogees of the five star-planets in the ardharatrikapaksa; see Kh 2.6a-b. 

In order to determine the mean longitudes of any of the planets, apogees, or 
nodes at a particular time, one must first know the interval from the beginning of the 
Kalpa till that time. Brahmagupta divides the interval into three parts: from the 
beginning of the Kalpa till the beginning of the present Kaliyuga (which was at 
sunrise at Lanka on Friday 18 February - 3101) is 1,972,944,000 years; from the 
beginning of the Kaliyuga till the beginning of the Saka era (which was on 16 March 
78) is 3179 years; and from the beginning of the Saka era till the desired time. The 
first two intervals and their sum are given in BSS 1.26-27. The first interval was 
known to Abu Ma‘shar in days, along with the correct intervals in days from the 
beginning of the Kalpa to various other epochs and historical events;’* I quote here a 
long passage from the Latin translation of his De magnis coniunctionibus: 


(a) Et estimaverunt Indi quod principium fuit die dominica Sole ascen- 
dente, et est inter eos (scilicet inter illum diem et illum diem Diluvii) 


°° Ibid. 82; see also 84. 

91 Ibid. 77. 

52 Pingree, ‘‘Precession and Trepidation” (n. 4 above). 

93 Al-Hashimi sections 25 and 30 (n. 5 above); Millas (n. 68 above) 106-107; Goldstein (n. 69 
above) 27 and 153, Pingree (n. 20 above) 33. 

°4 Pingree (n. 20 above) 50 n. 1. 

55 Abraham ibn Ezra (n. 70 above) 109. 

56 Ibid. 102. 

51 Ibid. 101. 

°8 Pingree (n. 20 above) 34-44 and 130. 
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septingenta milia milium milium et viginti milia milium milium et sex- 
centa milia milium et triginta quatuor milia milium et quadraginta [read 
quadringenta] milia et quadraginta duo milia et septingenta et quindecim 
dies, qui erunt anni Persici milies milies milia et nongentesies mille [read 
milies] milia <---> et trecenties mille et quadragesies mille et nongenti 
et triginta octo anni et trecenti quadraginta quatuor [read quinque] dies. 
Et fuit Diluvium die Veneris vicesimo septimo die mensis Rabe Primi, et 
est dies 29 ex Cibat, et est dies decimus quartus ex Adristinich. 


(d) Fuerunt ergo inter Diluvium et primum diem anni in quo fuit 
Alhigira 3837 anni et 268 dies, et erunt secundum annos Persarum 3725 
anni et 348 dies. 


(6) Et inter Diluvium et diem Dezdabir regem [read regis] Persarum, ab 
inicio regni cuius ceperunt Persici eram, scilicet die Martis, scilicet illo 
die + exarisan, fuerunt 3735 anni et 10 menses et 22 dies secundum 
annos Persarum. Et similiter interfecerunt Gezdagirth die Martis 22 
diebus Rabe Primi anno 11 de Alhigera. 


(j) Et inter diem primum anni Alhigere et regum [read regem] Gezdagir 
fuerunt 3634 [read 3624] dies; erunt secundum annos Persicos 9 anni et 
11 menses et 9 dies. 


(c) Et fuerunt inter Diluvium et [inter] tempus Habentis duo cornua 
secundum annos Romanos 2790 et 126 [read 226] dies. 

(i) Et inter duo cornua Habente<m> et primum annum de Alhigera 932 
anni et 287 dies secundum annos Romanos; et erunt Arabici 974 anni et 
294 dies. 

(b) Inter Diluvium et Philippum, super <quem> coequantur tabule 
Ptholomei et cum quo faciunt eram suam Egyptii, 2778 anni et <268 
dies secundum annos Romanorum; et erunt 2780 anni et> 232 dies 
secundum annos Egiptiorum; et sunt convenientes duo cornua Habentia 
[read Habentis] annis. 

(f) Et inter annos Philippi et Habentia [read Habentis] duo cornua 22 
[read 11] anni et 316 [read 323] dies; et Philippus fuit prior. 

(g) Et inter Philippum et Alhigeram 946 [read 945] anni et 316 [read 
116] dies secundum annos Egiptiorum et Persarum; et erunt Arabici 974 
[read 973] anni et 313 [read 243] dies. 


(h) Et inter Philippum et Gezdargid 950 [read 955] anni et 90 dies 


fuerunt.”” 


The correct intervals, using Friday 18 February -3101 as the epoch of the Flood, 
are: 


99 It follows De magnis coniunctionibus 4.12 (n. 48 above). 
100 Pingree (n. 20 above) 43-44. 
101 Thid. 38-39. 
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Interval Years and Days Days 


a. Kalpa > Flood 1,972, 944,000 (Indian) 720,634,442,715 
1,974,340,938 (Persian) 
and 345 days 
b. Flood > Philip 2,780 (Persian) and 1,014,932 
232 days 
2,778 (Julian) and 
268 days 
c. Flood > Alexander 2,790 (Julian) and 1,019,273 
226 days 
d. Flood > Hijra 3,837 (Arab) and 1,359,973 
269 days 
3,725 (Persian) and 
348 days 
e. Flood > Yazdijird 3,735 (Persian) and 1,363,597 
322 days 
f. Philip > Alexander 11 (Julian) and 4,841 
323 days 
g. Philip > Hijra 945 (Persian) and 345,041 
116 days 
973 (Arab) and 
243 days 
h. Philip > Yazdijird 955 (Persian) and 348,665 
90 days 
i. Alexander > Hijra 932 (Julian) and 340,700 
287 days 
962 (Arab) and 154 days 
j. Hijra > Yazdijird 9 (Persian) and 339 days 3.624 


ἃ. Kalpa > Flood. The interval in days is correct, but that in Persian years and 
days is short by one day — that is, the given interval is that between the beginning of 
the Kalpa and the Thursday preceding the Flood. This may be due to a misunder- 
standing of the difference between the midnight and the sunrise epochs, or it may 
simply be a scribal error. The calendar-dates for the epoch of the Flood are taken 
from Abu Ma‘shar, whose computations have been discussed elsewhere.’ >” 

Ὁ. Flood > Philip. If one assumes that something has dropped from the text, the 
computation is correct, and does not contain the erroneous date of Philip embedded 
in Abii Ma‘shar’s computation as preserved by al-Hashimi.’”’ 

c. Flood > Alexander. If a minor scribal error is corrected, the computation is 
correct. : 

d. Flood > Hijra. The difference between the 269 days of my computation and 
the 268 days of Abt Ma‘shar’s arises from his erroneously rounding off to one the 
fractional intercalary day involved in 3,837 Arab years. Otherwise his computation is 
correct. 
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6. Flood > Yazdijird. The computation is correct. 22 Rabi‘ I of 11 A.H. is 
16 June 632, the epoch of the era of Yazdijird. 

f. Philip > Alexander. The 316 days here is probably a scribal error influenced by 
the erroneous 316 in the next interval, g. 

g. Philip ~ Hijra. Both year-numbers are too great by one, and both day-numbers 
were wrongly copied. | 

ἢ. Philip > Yazdijird. The year-number was wrongly copied. 

i. Alexander > Hijra. The computation of this interval in Arab years and days is 
totally wrong; the source of the error is not clear to me. 

j. Hijra > Yazdijird. The computation is correct. 


Table 1 of the zi of al-Khwarizmi gives many of these intervals, but with much 
greater confusion and using 17 February -3101 as the epoch of the Flood.” Some 
of these intervals also appear in various manuscripts of the Toledan Tables.'°* And 
an elaborate chronological table is included among the Arabic texts translated into 
Greek by Gregory Chioniades in about 1300: 7 it does not appear in the Arabic 
manuscripts of the Zij al-Sanjari, so it probably was taken from the lost Zi al-‘Ala7 
written by al-Fahhad in the twelfth century. The author uses the scheme set forth by 
Abi Ma‘shar in his Kitab al-ulaf and Zij al-hazarat wherein ἃ yuga contains 360,000 
years split in half by the occurrence of the Flood on Friday 18 February -3101. ἜΣ 
I edit the text from fol. 167 of Vaticanus graecus 211 in Appendix 3. 

In this list the epoch of the era of Noah is Friday 18 February - 3101; that of the 
era of Nabuchodonosor is Thursday 26 February - 746: that of Alexander (the era of 
Philip) is Sunday 12 November -323; that of the Romans (the Seleucid era) is 
Monday 1 October -311; that of the Arabs (the era of the Hijra) is Friday 16 July 
622; that of the Persians (the era of Yazdijird) is Tuesday 16 June 632; and that of 
the Sultan Malikshah is Tuesday 12 March 1079. The table gives intervals in years 
(Persian in lines 1, 2, 3, and 6; Julian in line 4; and Arab in line 5) and in days, with 
the latter expressed in both decimals (with Indo-Arabic numerals) and sexagesimals 
(with Greek numerals). The period from the Flood to the Hijra is too much by one 
day — that is, the Flood is dated 17 February -3101 — both in the day-interval and 
the year-interval; however, for computing intervals between other epochs and the 
Hijra, the correct number of days is used except in the case of the epoch of 
Malikshah. The interval in days between the Hijra and Malikshah is 166,794 or 
1526768 — 1359974; the interval should be 166,795 days. In the intervals between 
the Hijra and the era of Yazdijird expressed in years, an Arab year is assumed to be 
354% days rather than 354 11/30 days; the latter value would give 10 years and 82 
days. In the interval between the Hijra and the era of Malikshah, though the correct 


102 Neugebauer (n. 66 above) 82-84; cf. chap. 1 of al-Jahani (n. 45 above) N ii — O iii. 

103 Toomer (n. 72 above) 18, and Pingree (n. 73 above). 

104 J). Pingree, ‘‘“Gregory Chioniades and Palaeologan Astronomy,” DOP 18 (1964) 133-160. 
105 Pingree (n. 20 above) 27-31. 
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Arab year-length is used, the erroneous interval of 166,794 days also is utilized. 
Finally, it should be noted that the period before the Flood is taken to be 180,000 
Persian years of 365 days each, whereas AbU Ma‘shar’s years contain 365;15,32,24 
days each. 

Given the interval of 1,363,597 days from the beginning of the Kaliyuga to the 
epoch of Yazdijird and the 720,634,442,715 days from the beginning of the Kalpa to 
the beginning of the current Kaliyuga, one can determine with the Brahmapaksa’s 
rotations in a Kalpa the longitudes of the apogees and nodes on 16 June 632.’°° The 
computed longitudes are precisely identical with those of al-Khwarizmi,’'*’ except 
that Ibn al-Saffar has misread the entry for Saturn — 85 20;55° with a kaf (20) — as 
85 4:55. with a dal (4). This confusion is noted by Abraham ibn Ezra.’”* 

Brahmagupta’s basic formula for finding planetary mean longitudes for mean 
sunrise at the meridian of Lanka, on which lies also Ujjayini, is: 

ς 
ΓΞ ὁ ΠΣ 

where R is the planet’s revolutions in a Kalpa, C the civil days in a Kalpa, c the lapsed 
civil days (ahargana), and r the lapsed revolutions. The rule is given in BSS 1.31; it is 
repeated by Ibn al-Muthanna.*°® Lanka is not mentioned in the Sindhind tradition, 
but Arab astronomers place in the same geographical location (on the equator on the 
prime meridian) the city of Ujjayini, which in the Indian tradition is at a latitude of 
24° N on the prime meridian. Ujjayini was originally transliterated Uzayn,*'® but 
this was soon corrupted to Arin. It is often referred to as Arin in the Latin 
translations of al-Khwarizmi,’’’ Ibn al-Muthanna citing al-Farghani,’’* and al- 
Jahani,'’* and in later authors. 

Brahmagupta gives a general and correct rule for applying a correction for the 
longitudinal difference between Lanka and one’s location in BSS 1.34. A rule for 
computing the longitudinal difference, based on the assumption that the longitude of 
Arin is 90° E, was given by al-Khwarizmi.’** 

Brahmagupta gives the following formula for finding the accumulated epact, e. 

2481 ΩΝ 


ΕΞ (10 * 9600 9600 


196 See Pingree (n. 64 above) fr. Z 1. 

'°7 Chaps. 8, 18, and 19, and tables 27-56 (see Neugebauer [n. 66 above] 99 and 103); see 
also Pingree (n. 26 above). The longitudes of various apogees are also referred to by Abraham ibn 
Ezra (n. 70 above) 77-78; 121; and 147; cf. chap. 9 of Al-Jahani (n. 45 above) Q i v-Q ii. 

108 Abraham ibn Ezra (n. 70 above) 109-110. 

109 Millas (n. 68 above) 126; Goldstein (n. 69 above) 26-27 and 152-153. 

110 Pingree (n. 20 above) 45. 

‘1! Introduction; chaps. 7, 24, and 25; see also Neugebauer (n. 66 above) 86, 151, and 211. 

112 Millas (n. 68 above) 122; Goldstein (n. 69 above) 49. 

113. Al-Jahani, chap. 8 (n. 45 above) Q 1, and chap. 27, Ziv. 

114. Chap. 7; cf. Millas (n. 68 above) 122; Goldstein (n. 69 above) 49. 
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where y is the number of years elapsed since the beginning of the Kalpa. The rule is 
based on the calculation that the epact in the normal sense equals 11;3,52,30 tithis. 
The rule is found in BSS 1.39-40, and appears among the fragments of Ya‘qtib ibn 
Tariq. “ἢ It does not occur in the Latin translation of al-Majriti’s recension of the Ζῇ 
of al-Khwarizmi, but a part of it appeared in the original, as we know from ἃ lemma 
of Ibn al-Muthanna.'*° There the fraction 2481/9600 is the fraction of a day by 
which the length of a year in the Sindhind exceeds 365 days; for 

2481 

9600 > 0;15,30,22,30. 

In the second chapter of the Brahmasphutasiddhanta Brahmagupta deals with the 
computation of the true longitudes of the planets. He begins with a versified table of 
Sines (BSS 2.2-5) and Versines (BSS 2.6-9); these are the only two trigonometrical 
functions normally tabulated by Indian astronomers, though they also make frequent 
use of the Cosines. In the Brahmasphutasiddhanta R = 3270, which is a value known 
to al-Fazari,''’ and there are 24 entries in a quadrant so that the interval between 
arguments is 3:45°, the standard Indian value. But in the Khandakhadyaka R = 150 
and there are 6 entries in a quadrant, so that the interval between arguments is 15°; 
see Kh 3.6, which is derived from BSS 25.16. This value of R was also known to 
al-Fazari,'** who apparently derived it from the Sasanian Zij al-Shah or the Zij 
al-Arkand. The tables of Sines in Adelard’s Latin translation of al-Majriti’s version of 
al-Khwarizmi’s zij use R= 60,''” but it is known that in the Arabic original R = 150. 
Therefore we find a diameter of 300 in Ibn al-Muthanna.’*° This value of R is also 
referred to by Abraham ibn Ezra,'** though with some confusion as he infers that 
the Indians made the radius rather than the diameter equal to 300. The value R= 
150 is also used in the Toledan Tabies*** and in an anonymous Byzantine treatise of 
the late eleventh century.’ 

It is also clear that in al-Khwarizm1’s zi the intervals of argument in the Sine-table 
were 15° as in the Khandakhadyaka; he and other Arabic astronomers call the 
interval of argument in any table a kardaja, a term derived through a Pahlavi 
intermediary from the Sanskrit kramajyd (Sine; as opposed to utkramajyda, Versine). 
The evidence is found in Ibn al-Muthanna again. '** 


115 Pingree (n. 64 above) fr. T 9. 

116 Millas (n. 68 above) 200; Goldstein (n. 69 above) 144. 

117 Pingree (n. 63 above) frs. Z 12 and Z 16. 

118 Ibid. frs.Z 11, Z 13, Z 15, and Z 25. 

119 Tables 58 and 58a; but see Neugebauer (n. 66 above) 54 and 104. 

120 Millas (n. 68 above) 124; Goldstein (n. 69 above) 51 and 178; cf. Abraham (n. 70 above) 
131. 

121 Abraham (n. 70 above) 126-127. 

122 Toomer (n. 72 above) 27; Pingree (n. 73 above). See also O. Neugebauer and O. Schmidt, 
‘Hindu Astronomy at Newminster in 1428,” Annals of Science 8 (1952) 221-228. 

123 Q, Neugebauer, A Commentary on the Astronomical Treatise Par. gr. 2425, Mémoires de 
l’ Académie royale de Belgique, Classe des lettres 69.4 (Brussels 1969) 27-33 and 37-38. 


— 
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The planetary model used by Brahmagupta in both the Brahmasphutasiddhanta 
and the Khandakhadyaka is that employing two epicycles,'** whereas that em- 
ployed by al-Khwarizmi is a model employing an eccenter and an epicycle. Such an 
eccenter-epicycle model was also known to Brahmagupta (BSS 14.1-18) and to other 
Indian astronomers, but does not seem to have been often used in computations. But 
al-Khwarizmi (following al-Fazar1) probably derived the models as also many of the 
parameters from the Sasanian Z7 al-Shah. 


The equation of the center depends on the planet’s distance from its apogee. We 
have already seen that the longitudes of the apogees according to al-Khwarizmi were 
computed from the elements of the Brahmasphutasiddhanta. It remains to be noted 
that the Arabic term for apogee, al-awj, is derived from the Sanskrit ucca; in Latin it 
appears as elaug or alauge.’*° The maximum equations of the center according to 
the ardharatrikapaksa and the Zij al-Shah,’*’ and according to al-Khwarizmi’** are: 


Ardharatrikapaksa Zij al-Shah ~—al-Khwarizmi 


Saturn 9:36° 8:37° 8:36° 
Jupiter 5:6° 5:6° 5:6° 

Mars 11:10° 11:12“ 11:13" 
Sun 2;14° 2;14° 2;14° 
Venus 2:14° 2:13" 2:14" 
Mercury 4:28° 4:0° 4:2° 

Moon 4:56. 4:56° 4:56" 


Close approximations to the a@rdharatrika values are given in Kh 2.6c-7. 

In al-Khwarizmi’s tables the maximum equations of the center occur at arguments 
of 90° because they are computed according to the so-called “Method of Declina- 
tions” (sun and moon)’”” or “Method of Sines” (five star-planets).'*° Brahmagupta 
computes all equations of the center according to the “Method of Sines” (Kh 2.6c-7 
cited above in conjunction with Kh 1.16-17). The ‘Method of Declinations,” 
however, was also known to Brahmagupta, whose declinations in any case form a 
sine-function (BSS 2.55). The rule is given more directly in BSS 3.61-62. Inciden- 
tally, this verse informs us that the obliquity of the ecliptic is assumed to be 24° by 
Brahmagupta as by all other Indian astronomers. This was the value originally used 
by al-Khwdrizmi in one table according to Ibn al-Muthanna, though in another he 


124 Millas (n. 68 above) 123; Goldstein (n. 69 above) 49 and 176; cf. Abraham (n. 70 above) 
130, and Millas (n. 68 above) 127. 

125 Pingree, “On the Greek Origin” (n. 4 above). The varying velocities of the planets in the 
different quadrants of the Indian epicycle are referred to by Abti Ma‘shar 7.1 (n. 40 above). 

126 Al-Khwarizmi, chaps. 8 and 18; Millas (n. 68 above) 107. | 

127 Pingree (n. 64 above) fr. Z 7; cf. Pingree (n. 63 above) frs. Z 12 and Z 13. 

128 Tables 22-56. 

129 Neugebauer (n. 66 above) 95-96. 

130 bid. 100. 
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used 23;51°,’*’ the value of the Handy Tables. The Latin version gives only the 
latter.**” 

The equation of the anomaly of a planet is computed from an epicycle by Greek, 
Indian, and Arabic astronomers, though it was the Indians who introduced the use of 
Sines to solve the angles. Again the Sindhind tradition follows the @rdharatnikapaksa 
and Zij al-Shah in the maximum values of the equations of anomaly. I tabulate below 
the maximum equations (and the arguments at which they occur when known) 
according to the ardhardtrikapaksa (Kh 2.8-17), the Zi al-Shah,'** and al- 


Khwarizmi:'*“ 


Ardharatrikapaksa Zij al-Shah al-Khwarizmi 
equation argument equation equation argument 
Saturn 6:20" 96° 5:44“ 5:44" 95°-98° 
Jupiter 11;30° 108° 10;52° 10;52° 98°-103° 
Mars 40;30° 135° 40;31° 40;31° 128-129“ 
Venus 46:15° 141° Aga 47:11 135° 
Mercury [2 1:30“ 120° 21;30° 21:32. 112-113" 


Ibn al-Muthanna states that in al-Khwarizmi’s Ζ the equations were originally given 
in tables with different kardajat or intervals of argument for each planet; the smallest 
kardaja was 3:45°, which we have seen to be the interval of arguments in the 
Sine-table of the Brahmasphutasiddhanta. The use of these kardajat placed the 
maximum equations at the following arguments: 


Saturn 97;30° 
Jupiter 97;30° 
Mars 127;30° 
Venus : 135° 

Mercury 112;30° 


Then by linear interpolation between kardajat al-Khwdarizmi computed the values for 
each degree of argument. 

The amount of the equation of the anomaly should vary with the distance from the 
earth of the center of the epicycle, which depends on its position on the eccentric 
deferent. Indian texts, which normally do not use an eccentric, naturally ignore this 
variation. This fact confused Abraham ibn Ezra,'*” who thought that the Indians’ 
failure to agree with Ptolemy necessarily led them to commit errors. 


131 Millas (n. 68 above) 130; Goldstein (n. 69 above) 63; cf. Abraham (n. 70 above) 77, 92 
Z 9 of Ya‘qtib ibn Tariq), and 143. 
132 Tables 21-26. 
133 Pingree (n. 63 above) fr. Z 14 and (n. 64 above) fr. Z 8. 
134 Tables 27-56; cf. Millas (n.68 above) 118-119; Goldstein (n.69 above) 43-44 and 
169-170. 

135 Abraham (n. 70 above) 111;see 117, and cf. 85-86 and 89. 


(fr. 


= 
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In fact, the Indians integrate the two equations by a method of calculating 
alternating values of each equation for arguments modified by the application of a 
half or the whole of the other equation. One such procedure is followed by 
al-Khwarizmi,'°* others by Brahmagupta (BSS 2.35 and Kh 2.18), and others by 
others. It is only necessary to note here that the method in the Sindhind is indeed 
Indian. 

For computing the time till or since first or second station, Brahmagupta pre- 
scribes the division of the difference between the anomaly of the phase and the 
planet’s anomaly by the difference between its sighra-velocity and its corrected 
manda-velocity (BSS 2.49; see also Kh 2.19). The same rule is in essence given by 
al-Khwarizmi, '*’ and is repeated by Ibn al-Muthanna. δ 

In problems relating to time and locality also the Sindhind is indebted to 
Brahmagupta. He computes the Sine of the ascensional difference (Sin y) in the 
following manner. First he finds the radius of the sun’s day-circle (rq): 


i= JR? = Sin? ὃ 


then the earth-sine (e): 


where 80 is the noon equinoctial shadow and 12 the height of the gnomon. Finally, 


e-R 
wel 


Sin y = 


This algorithm is given in BSS 2.56-58. Neugebauer has shown that this procedure 
lies behind the rule given in chapter 26 of al-Khwarizmi’s Ζῇ. ἢ 

Brahmagupta correctly states the relation between the sun’s zenith-distance at 
noon (90° - a,, where a, is the sun’s altitude at noon) and the local terrestrial 
latitude (φ): 


p90: SiG. to, 


with the appropriate sign for south or north declination. This is given in BSS 3.13 
and is also found in al-Khwarizmi’s z7.'*° 
Among many other rules regarding shadows Brahmagupta gives the following (BSS 


136 Neugebauer (n. 66 above) 23-30. 

37 Chap. 14. 

138. Millas (n. 68 above) 122; Goldstein (n. 69 above) 48 and 175. 

Neugebauer (n. 66 above) 50-53; see also Neugebauer and Schmidt (n. 122 above). 
"49 Chap. 24; see also Millas (n. 68 above) 133-134; Goldstein (n. 69 above) 66-68. 
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3.48-49): if a is the altitude of the sun, @ the coaltitude, Sy the noon shadow, and a 
the noon hypotenuse, then 


_ Sina +12 


n Sin a 


ἘΝ 2 
as ha 12S - 


141 


and 


The same rules are given by al-Khwarizmi. 
In dealing with the computation of lunar and solar eclipses the Sindhind tradition 
is also very dependent on Brahmagupta. The latter in BSS 4.5 finds the lunar 
latitude, Tae from: 
_ Sinw +270 
Sin Ban = R 
where ὦ is the longitude of the moon diminished by that of its node and 270' = 


4;30° is the maximum lunar latitude. Virtually the same formula was seen by 
Neugebauer to underlie the table of lunar latitude in al-Khwarizmi’s zij:'** 


sin βιῃ = sin ὦ *sini, 


where i = 4;30°. These two expressions are approximately identical because 


In the next verse, BSS 4.6, Brahmagupta gives rules for finding the apparent 
diameters (d) of the disks of the sun, the moon, and the earth’s shadow — in modern 
notation: 

oo, gill 
ας Ξ Ὁς "50 
10 


where Ὁ is the bhukti or daily progress measured in minutes. A false etymology of 
the word bhukti and equivalents of the first two of these formulas are given in 


141 Chap. 28 and 284; see also Neugebauer (n. 66 above) 105; Millas (n. 68 above) 151-154; 
Goldstein (n. 69 above) 87-89. 

142 Tables 21-26 and Neugebauer (n. 66 above) 97-98; cf. Millas (n.68 above) 154-156; 
Goldstein (n. 69 above) 89-92. 
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chapters apparently added to the Ζῇ of al-Khwarizmi;'** all three formulas were 


used in constructing his eclipse-tables, ‘** and are specifically repeated in a lemma by 
Ibn al-Muthanna. '*° These relations are also found in the anonymous Byzantine text 
in Parisinus graecus 2425.'*° 

The eclipse-material in chapters 31 and 33 of the Latin version of al-Khwarizmi’s 
zij has been reworked by al-Majriti, but the original can be recovered from Ibn 
al-Muthanna and Abraham ibn Ezra and is again remarkably similar to chapter 4 of 
the Brahmasphutasiddhanta. This section in Ibn al-Muthann4 begins, however, with a 
lemma stating that lunar eclipses are possible only if the moon is 13° or less from its 
node.'*’ This limit is not given by Brahmagupta in chapter 4, but is found in the 
Paricasiddhantika (6.2; cf. 7.5). 

To determine whether or not a lunar eclipse is total, Brahmagupta subtracts the 
lunar latitude from half the sum of the apparent diameters of the moon and the 
earth’s shadow; if the remainder is greater than the apparent diameter of the moon, 
the eclipse is total (BSS 4.7). The same method is explained in several lemmata by 
Ibn al-Muthanna.'** 

Brahmagupta continues with rules for computing the half-duration of the eclipse 
(At,) and the half-duration of totality (At,) (BSS 4.8). With reference to a lunar 


eclipse, they are: 
e τ Ὁ Ba [5.- ὃς 
| 2 2 
ὍΣ iia Ss ee b.. 


Brahmagupta converts the resulting times into an elongation of arc (Ad, and Ar,) 
by: 


δῷ 
ll 


At, 


b 
- δὲ --π 
Ais πολ κῶς 
b 

Ξε ee ce 

ae 


This rule is given in BSS 4.9. 
Brahmagupta assumes that the lunar orbit is parallel to the ecliptic during an 


143 Chaps. 29-30a. 

144 Tables 61-66; see Neugebauer (n. 66 above) 107. 

145 Millas (n. 68 above) 165-169; Goldstein (n. 69 above) 104-109; cf. Abraham ibn Ezra 
(n. 70 above) 166. 

146 Neugebauer (n. 123 above) 33-34. 

147 Millas (n. 68 above) 169-170; Goldstein (n. 69 above) 109-110. 

148 Millas (n. 68 above) 171-172; cf. Abraham (n. 70 above) 166-167. 
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eclipse while al-Khw4rizmi correctly takes into consideration the fact that it is 
inclined. Therefore, al-Khwarizmi’s computation of those times and arcs as preserved ἡ 
by Ibn al-Muthanna'*” differs from Brahmagupta’s though it remains an adaptation 
rather than a rejection of the Indian method. However, precisely Brahmagupta’s 
method was used by the anonymous Byzantine text in Parisinus graecus 2425.'”° 
Finally, Brahmagupta makes the color of a lunar eclipse depend on its magnitude: 


1. beginning and end smoky 

px partial black 

3, more than half black-coppery 
4. total tawny 


These colors are given in BSS 4.19. The colors were evidently in the original of 
al-Khwarizmi’s zij, though all that we have left is a non-specific, philosophical 
discussion by Ibn al-Muthanna’’’ and what appears to be a corrupt — certainly 
different — version in the fourteenth-century Barcelona tables associated with 
Pedro IV “el Ceremonioso” of Aragon.” 

Brahmagupta, like all Indian astronomers, computes a longitudinal (7)) and a 
latitudinal (7g) component of parallax. The first depends on the sun’s elongation 
(AX) to the east or west of the nonagesimal (V); the maximum is assumed to be 4 
ghatikas = 1/15 day when the sun is on the horizon, the minimum 0 when the sun is 
at V. The second depends on the zenith-distance of the sun or moon on the 
altitude-circle of the nonagesimal; if the zenith-distance is 90°, the maximum 
parallax of 4 ghatikas is again. assumed to occur. Further, since the noon zenith- 
distance of a body on the ecliptic is ¢ - ὃ it follows that: 


if 6 = 6, the noon zenith-distance is 0 and 719 ~Q; 
if ¢ +6 = 90°, then 71 ~ 0:4 days. 


These rules are given in BSS 5.2-3a, and these assumptions also lie behind the 
parallax-computations of al-Khwarizmi.’”” 

In computing longitudinal parallax Brahmagupta first finds the Sine of the 
altitude of V, or Sin a (V). To do this he first finds the ascensional difference, w, in 
right ascension between the longitude of the ascendant and that of V; from this he 
obtains 6 from: 


Sin 6 = Sin w ang εν 


149 Millas (n. 68 above) 173-179; Goldstein (n. 69 above) 110-119. 

15° Neugebauer (n. 123 above) 39-40. | 

151 Millas (n. 68 above) 180-181; Goldstein (n. 69 above) 119-120; cf. Abraham (n. 70 above) 
167. 

152 JM. Millas Vallicrosa, Las tablas astronomicas del rey Don Pedro el Ceremonioso (Madrid 
1962) 238. 

1583 Neugebauer (n. 66 above) 71-72. 
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where r is the radius of the day-circle (actually, Cos 6). Then, of course, 
ZV~o- ὃ 
Sin ZV = Sin a@(V) 
Cos ZV = Sin a(V). 


These rules are hinted at in BSS 5.3b-d. 
The final formula is: 


m= 4. Sin af) Sn ΔΑ . 
R 

Brahmagupta gives it in BSS 5.4. These rules are the source of al-Khwarizmi’s 
procedure in chapter 34 and table 77 7 except that he evidently used the value of 
R in the Khandakhadyaka, 150. Roughly the same procedure for finding πὰ is given 
in Kh 5.1-2 asin BSS 5.3-4. 

If z is the noon zenith-distance and v the planet’s velocity, then Brahmagupta’s 
rule for finding latitudinal parallax is: 


posta 15 Sin z 
β ISR 

This rule is given in BSS 5.11. Precisely the same procedure was used in Khandak- 

hadyaka 5.3 to derive the equivalent (with R = 150): 


ΓΞ 13 Sin z 
40 


This is evidently the form of the rule that al-Khwarizmi’*’ and the anonymous 
Byzantine text in Parisinus graecus 2425 "°° used. 

The maximum latitudes of the planets in the Brahmasphutasiddhanta are those of 
the Paitamahasiddhanta of the Visnudharmottarapurana:'”’ 


Saturn 2:10“ 
Jupiter 1;16° 
Mars 1;50° 
Venus 2:16° 
Mercury 230° 


These values are given in BSS 9.1. 


154 Ibid. 71 and 123-125; see also Millas (n. 68 above) 160-163; Goldstein (n. 69 above) 
121-125. 

155. Neugebauer (n. 66 above) 121-123; see also Millas (n. 68 above) 163-164; Goldstein (n. 69 
above) 126-129. 

156 Neugebauer (n. 123 above) 29-32. 

157 Paitamahasiddhanta 3.18. 
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The maximum latitudes given in the first part of the Khandakhadyaka are those of 
the Aryabhatiya:’”” 


Saturn 2:0° 
Jupiter 1;0° 
Mars 1:30° 
Venus 2:0° 
Mercury 2:0“ 


These values are found in Kh 8.1c-d. But in the uttara section of the Khandakhaad- 
yaka the maximum latitude of Mercury is stated to be 2;30° while the rest remain as 
was stated in the first section (Kh 14.1c-d). It is this version of the verse that was 
used in the Sindhind tradition. These maximum latitudes were used in al-Khwarizmi’s 
tables, but have now been replaced by erroneous values equal to those of the uttara 
section of the Khandakhadyaka multiplied by 2;30 = 150/60;*°’ the original 
numbers are retained in a lemma by Ibn al-Muthanna.'°° 

As we have seen before, the longitudes of the nodes of the planets in the Sindhind 
were derived from the Brahmasphutasiddhanta despite the fact that the maximum 
latitudes come from the uttara section of the Khandakha@dyaka. The Brahmasphuta- 
siddhanta (BSS 9.8-10) and, in a less complex form, the Khandakhadyaka (Kh 8.5). 
agree on the computation of a planet’s latitude. If w is the elongation on the 
deferent between a superior planet and its node, or the elongation on the sighra-epi- 
cycle between the sighrocca of an inferior planet and its node, and if ρ is the final 
sighra-hy potenuse, and if 6 is the latitude, then 


This is precisely the procedure in the lemmata of Ibn al-Muthann4, who gives a 
specific formula first for finding the final sighra-hypotenuse,'*’ and this same 
procedure, with the erroneous multiplication of βηαχ by 2:30, lies behind chap- 
ter 17 and columns 7 and 8 of tables 27 to 56 of the Latin version of al-Khwarizmi’s 
Ζῇ. ᾽ 

One further element in the Latin Sindhind material that is specified as being 
Indian and is found in the Brahmasphutasiddhanta (12.40 and 21.15) is the approxi- 
mation π ~ V10. Many others had used this approximation before Brahmagupta, 


including the author of the Paitamahasiddhanta of the Visnudharmottarapurana **° 


158. Aryabhatiya, DaSagitika 6; ed. H. Kern (Leiden 1875). 

159 Neugebauer (n. 66 above) 39-40 and 103; see also tables 45-46 of the Toledan Tables in 
Toomer (n. 72 above) 69-70, and Pingree (n. 73 above). 

160 Millas (n. 68 above) 157; Goldstein (n. 69 above) 93. 

161 Millas 156-157; Goldstein 92-93. 

162 Neugebauer (n. 66 above) 34-41 and 101-103; cf. chap. 10 of al-Jahani (n. 45 above) 
Q ii v-Q iii. 

163 Paitamahasiddhanta 3.6. 
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and Varahamihira. °° In the Brahmasphutasiddhanta it occurs in the chapters on 


mathematics and the sphere; it probably was transmitted to the Arabs with other 
mathematical material independently of the Mahdsiddhanta. This value of 7 is 
attributed to the Indians by Abraham ibn Ezra.’*° 


XI. RSI 


There appear to have been a number of Indian astrologers at Baghdad in the early 
C Abbasid period besides the astronomer from Sind who was involved in the Sindhind. 
We have already mentioned Kanaka while discussing Masha’allah; here we must 
pause to consider a few more. First among them is Irsha al-Hindi, whose name is 
probably an attempt to transliterate the Sanskrit Rsi’®* or Arsya. He is cited often 
in the Arabic astrological works of the ninth century — for example, in the Kitab asl 
al-usul of al-Saymari — and reached the West through the translation of Ibn abi 
al-Rijal. The first citation deals with an interrogation concerning buried treasure, and 
uses the ninth degree before the ascendant.’°’ I know of no precise parallel to this 
in Indian texts, though the question is sometimes treated in them.’*° 

The next quotation deals with the question of whether or not a woman is 
pregnant, and uses, among other criteria, the navamsa in the ascendant. '°’ Again, an 
exact parallel to this passage in Sanskrit is not known to me, though the subject is 
dealt with.’”° 

The last fragment of Irsha concerns the sex of the unborn child, and uses Jupiter 
and Mercury.’ The Indian rules for answering this query also depend on Jupiter 
and Mercury, as in a verse by Sphujidhvaja.’”” 


XII. BHURIDASA AND BUZURJMIHR 


The only Indian astronomers or astrologers besides Andubarius whom I know to be 
named in Byzantine texts are Phorédas (a name which may correspond to Sanskrit 
Bhuridasa, though no astronomer or astrologer of that name is known in India) and 
Porzozomchar (which is probably a misreading of Buzurjmihr, written in Arabic, as 
Burzujumhar). 


164 Varahamihara 4.1 (n. 35 above). 
165 Abraham (n. 70 above) 124. 
166 CESS Al.59a. 
167 “Ali ibn abi al-Rijal 1.39 (n. 50 above). 
168 FE g., Bhojaraja, Vidvajjanavallabha 15.3, ed. D. Pingree (Baroda 1970). 
169 Ibn abi al-Rijal 1.42 (n. 50 above). 
E.g., Prthuyasas, Satparicasika 7.5, ed. Ὁ. Jha (Benares 1947); Bhattotpala, Prasnajnana 
33, ed. V. 5. Sastri and M. R. Bhat (Bangalore 1949). 
1 Ibn abi al-Rijal 1.46 (n. 50 above). 
Yavanajataka (n. 3 above) 66.1. 
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The first occurs in the so-called Epitome Parisina,'’* where a cycle of twelve 
years (dodecaéteris) beginning with Jupiter in Sagittarius is attributed to Erimarabus, 
“whom the Egyptians call a prophet and the discoverer of astronomy,” and to 
Φορηδὰς ὁ Ἰνδός. Though Jovian dodecaeterides are well known in Sanskrit, ἢ 
they never begin with Sagittarius. The whole story of these Egyptian and Indian sages 
appears fabulous, though it remains possible that Φορηδάς represents a real Sanskrit 
name. The quotation from Buzurjmihr is a much damaged note on the recovery of 
stolen goods added by a later hand (V2) in the margin of fols. 8lv-82 of Vaticanus 
graecus 1056; I edit it in Appendix 4. Though the recovery of stolen objects was a 
matter about which Indian astrologers could expect to be consulted, '’’ this quota- 
tion is of primary interest for the history of Sasanian astrology and need not be 
discussed further here. 


XIII. ABU MA‘SHAR 


One of the most important transmitters of a knowledge of Indian astrology to the 
Arabs was Abt Ma‘shar, who was born at Balkh on 10 August 787 and died at Wasit 
on 9 March 886.'’® An anecdote, found in the Mudhakarat of his pupil Shad- 
han,’ ’’ demonstrates that he had some direct contact with Ceylon (called India in 
the Greek); I cite the tenth century Byzantine translation, of which there exists a 
Latin version.’ ”* 

There are two possible dates in Abt Ma‘shar’s lifetime for this horoscope. Both 
have problems, but the later date, 23 December 884, though very close to the date of 
Abt Ma‘shar’s death, has fewer and is the more likely to be correct. 


Horoscope 12 Jan. 826 23 Dec. 884 
Saturn Cancer Gemini 25° Gemini 28° 
Jupiter Aries Aries 22° Aries 11° 
Mars Omitted Capricorn 16° Aries 20° 
Sun Capricorn Capricorn 27° Capricorn 7° 
Venus Omitted Pisces 12° Aquarius 18° 
Mercury Aquarius Capricorn 2° Capricorn 13° 
Moon Capricorn Capricorn 29° Capricorn 29° 


Ascendant Gemini ca. 3 P.M. ca.4 P.M. 


173 ἘΠ Cumont in CCAG 8.3 (Brussels 1912) 91-92. 

174. Eg., Varahamihira, Brhatsamhita 8.3-14, ed. A. V. Tripathi, 2 vols. (Varanasi 1968). 

175 E.g., Sphujidhvaja, Yavanajataka (n.3 above) 64.7-15, and Bhojaraja (n. 168 above) 
16.7-11. 

17° D. Pingree in DSB 1 (New York 1970) 32-39. 

177 An edition of the Arabic original of Shadhan’s Mudhakarat with the Byzantine translation 
and its Latin version is being prepared by E. S. Kennedy and D. Pingree; in the following I quote 
from the preliminary form of the edition of the Greek. 
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The king of Ceylon in 884 was Sena II (851-885), though his dates are disputed. It 
appears that three of his sons ruled Ceylon, as Kasyapa V (913-923), Dappula IV 
(923), and Dappula V (923-934). It is not clear whether or not the horoscope 
interpreted by Abt Ma‘shar belongs to any one of them. But it is known that 
Sena II’s reign was the period of Ceylon’s greatest flourishing in the ninth century, 

and the most likely to have experienced the influence of Arabic astrology. | 

One of Abi Ma‘shar’s arguments in defense of his interpretation of the Ceylonese 
prince’s horoscope was that Saturn rules India. This is iterated in another part of the 
Mudhakarat.'”’ His theory of the possible beneficence of Saturn is not known to me 
from Sanskrit texts, though the strength of its maleficence is diminished in certain 
situations. The only other direct reference to India in the Mudhdakarat concerns the 
ease or difficulty of childbirth, where difficulty is indicated by the presence of 
Saturn in a masculine and Mars in a feminine sign. '*° This also appears not to be a 
genuine Indian theory. 

In one other place, however, Abt Ma‘shar speaks of the celestial body kayd, a 
word adapted by the Sasanians from the Sanskrit ketu.'*’ He reports that ancient 
scientists give it a motion of 2;30° a year. Ketu has two meanings in Sanskrit 
astrology: the descending node of the moon (Abii Ma‘shar’s σύνδεσμος τῶν oda- 
yowv) and a comet (perhaps his ἀστὴρ νότιος λαμπρός). It is never, so far as I am 
aware, given a retrograde motion of 2;30° (a dodecatemorion) per year, but this is 
the well-known parameter for kayd in Islamic zijes as demonstrated by Kennedy; it is 
equivalent to one rotation in 144 years, and retrograde motions of approximately 
0;0,24,39,27,7° in a day and 0;12,19,44° in a 30-day month. Neugebauer has 
published from the manuscripts of Gregory Chioniades’s translations one of his tables 
of the motion of kdir and pointed out that the pseudo-planet is also discussed by 
Theodore Meliteniotes (who used Chioniades’s translations); I edit in Appendix 6 
another table of Chioniades found on fol. 155 of Vaticanus graecus 211.°°* This 
table obviously is based on the parameter of -2;30° of motion in a year of 365 days. 
The rules at the beginning indicate that Κάϊτ was in Aries O° in -54 Yazdijird or A.D. 
579, and therefore again at the beginning of 91 Yazdijird or A.D. 723 as in the 
Islamic zijes. The epoch of the Sultanic years is A.D. 1079, as we have seen before; a 
period of 144 years began in A.D. 1011 or 69 rather than 66 years before the end of 
one Sultanic year. 


178 Mudhakarat chap. 59, edited in Appendix 5. For the Latin version see the unsatisfactory 
article by L. Thorndike, “‘Albumasar in Sadan,” Jsis 45 (1954) 22-32. 


179. Mudhakarat chap. 41; see n. 177 above. 

18° Ibid. chap. 138. 

δι Ibid. chap. 49. On kayd see W.Hartner, “1.86 probleme de la planéte kaid,”’ Oriens- 
Occidens (Hildesheim 1968) 268-286, and ‘“‘The Pseudoplanetary Nodes of the Moon’s Orbit in 
Hindu and Islamic Iconographies,” ibid. 349-404; E. S. Kennedy, “Comets in Islamic Astronomy 
and Astrology,” JNES 16 (1957) 44-51; and O. Neugebauer, “Notes on al-Kaid,’” JAOS 77 
(1957) 211-215. 

182 Concerning this manuscript and Chioniades’s translations see Pingree (n. 104 above). 
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All of this, while employing a transmutation of the Sanskrit ketuw, is non-Indian; 
but another text preserved on fols. 175v-176 of Parisinus graecus 2506, '*” pretend- 
ing to an Indian origin, indicates that the “Chaldaeans” called the ascending and 
descending nodes of the moon the head and tail of a dragon; in fact, in Sanskrit, as 
we saw in discussing Severus Sebokht, they are called the head and the tail. 

In the discussion of Theophilus of Edessa above it has been indicated that Abu 
Ma‘shar’s Kitab al-madkhal al-kabir contains Indian material; it is, in fact, one of the 
principle conduits for the transmission of genuine Indian astrological doctrines to the 
West. In particular we may note here the information it contains about the Indian 
terms and decans. The terms are given almost correctly in the Latin translation of 
Hermann;'** the Greek paraphrase omits this chapter. As representative of the 
Sanskrit tradition I refer to Sphujidhvaja.'*° 

Shortly after this passage in the Jntroductorium Abi Ma‘shar correctly describes 
one of the Indian rules for determining the lords of the decans.'*° The Byzantine 
paraphrase again has omitted this chapter. For the Sanskrit tradition I refer to 
Varahamihira.'*’ 

The iconography of the decans as described by Abt Ma‘shar’”” had a consider- 
able impact on astrological illustrations in the West.’*” It has long been recognized 
that his descriptions are derived (probably through a Sasanian intermediary) from 
Varahamihira’s, Brhajjataka,'°* a work of the sixth century. It has recently been 
demonstrated that Varahamihira’s descriptions are a mixture of those of the decans 
and horas in the Yavanajataka of Sphujidhvaja, and that these latter are misinterpre- 
tations (influenced by Saivite iconography) of the Greco-Egyptian pictures in a 
Greek manuscript translated into Sanskrit by Yavanesvara in A.D. 149/150.'”’ The 
descriptions of the decans in the thirteenth-century Latin translation of pseudo-al- 
Majriti’s Ghayat al-hakim, entitled Picatrix, are derived from Abt Ma‘shar, but the 
fields of magical operation over which each presides come from some other, as yet 
unidentified source.” 


183 In CCAG 7 (Brussels 1908) 125. In line 11 I would restore (δύο 705 κύκλου for Boll’s 
(δύο) κύκλων. 

184 Introductorium 5.10 (n. 40 above). 

185 Yoyanajataka (n. 3 above) 1.42. 

186 Introductorium 5.13 (n. 40 above); of Picatrix (n. 192 below) 2.12. W. Gundel, Dekane 
und Dekansternbilder, Studien der Bibliothek Warburg 19 (Gltickstadt-Hamburg 1936) is not 
entirely satisfactory. 

187 Varahamihira, Brhajjdtaka 1.11 ἃ, ed. V. Subrahmanya Sastri (Mysore 1929). 

188 Abii Ma‘shar, Kitab al-madkhal al-kabir 6.1; the Arabic original was edited by K. Dyroff in 
F. Boll, Sphaera (Leipzig 1903) 482-539; the Greek version by F. Boll in CCAG 5 1 (Brussels 
1904) 156-169; see also O. Neugebauer, ‘‘Variants to the Greek Translation of Abii Ma‘shar’s 
Version of the Paranatellonta of Varahamihira and Teukros.”’ Bulletin de l’Académie royale de 
Belgique, Classe des lettres 5.43 (1957) 133-140; and the Latin in mntroductorium 6.2 (n. 40 
above). 

189 A. Warburg in his Gesammelte Schriften 2 (Leipzig 1932) 459-482 and 627-644. 

19° Varahamihira, Brhajjataka (n. 187 above) chap. 27. 

191 Pingree, ‘Indian Iconography” (n. 4 above). 
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I have referred above in discussing Masha’allah to the doctrine of the navamsas 
described by Abt Ma‘shar in 3.9 of his Kitab ahkam tahawil sini al-mawalid, which 
was translated into Greek and thence into Latin. He continues then to claim that, in 
determining the ruler of a year, the Indians use the lord of the first navamsa in the 
sign which the revolution of the years of the nativity has reached. ἡ It is true that 
some Indian astrologers describe a method of continuous horoscopy, called astaka- 
varga, based on the planets’ transits of the places and planetary positions of the 
nativity; the earliest exposition of this theory is by Sphujidhvaja.’’* It differs, 
however, from the method ascribed to the Indians by Abi Ma‘shar. I suspect that the 
use of the navamsas in revolutions was begun by Sasanians familiar with the fourth 
book of Dorotheus.’”” 

Abt Ma‘shar frequently in his other works in Arabic refers to Indian theories of 
one sort or another, but little of this material was translated into either Greek or 
Latin. The main repository of it in Greek is the Μυστήρια, where are also preserved 
the Byzantine versions of Shadhan’s Mudhakarat and of Abt Ma‘shar’s Kitab al- 
madkhal al-kabir. 1 edit in Appendix 7, from Angelicus graecus 29 fol. 23, Μυστήρια 
1.76, a text in which the indications of the sun in each of the astrological places are 
listed. For comparison we may refer to various verses in Sphujidhvaja’s Yavanaja- 
taka. '”® But only in a few places do the Sanskrit verses contain material correspond- 
ing to Abu Ma‘shar’s. His assignment of effects to the sun’s being in the several places 
seems to be related to the aspects of a native’s life that these places influence. Abt 
Ma‘shar assumes that the second place influences familial wealth, the third brothers, 
the fourth parents, the fifth children, the sixth illness, the seventh marriage, and the 
eighth death; these are all normal Hellenistic associations. But the Indians assign 
relatives to the fourth and enemies to the sixth; 1 cite again Sphujidhvaja.’”’ It is 
clear, therefore, again that Abu Ma‘shar did not have an Indian source for this 
passage; and again one suspects a Sasanian origin. 

The Hellenistic conception of the spheres of influence of the τόποι also appears in 
the following chapter of the Muornpia,'’* which I edit in Appendix 8 from fol. 38rv 
of Angelicus graecus 29 and from fol. 97v of Vaticanus graecus 1056, where it has 
been added by a second and later hand; this chapter also displays a Hellenistic (and 
specifically Dorothean) methodology in the first paragraph, not Indian. 

The final allegedly Indian passage in the Mvorzjpia’”’’ concerns the nature of 


152. Picatrix 2.11; the Arabic is in Pseudo-Magriti. Das Ziel des Weisen, ed. H. Ritter (Leipzig 
1933) 126-132. I am preparing an edition of the Latin version for the Warburg Institute. 

193. Abii Ma‘shar (nn. 57, 58 above) 3.10. 

194 Yavanajataka (n. 3 above) 43.11-51. 

195 Pingree (n. 21 above) 

96 Yavanajataka (n. 3 above) 20.4; 25.1, 5, 13; 26.1, 4, 7, 12, 20, 23, 25, and 27; see also 
Varahamihira, Brhajjataka (n. 187 above) 20.1-3. 

157 Yavanajataka 1.70-72. 

198 μυστήρια 1.143. 

199 Ibid. 1.78. 
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good or ill that will befall a querist during the year, and the time at which the 
prediction will come true. The Indians do have a method for determining the time at 
which the prediction relating to an interrogation will come true, but it is very 
different indeed from that ascribed to them in the Byzantine text. °°” I edit that text 
from fol. 23 of Angelicus graecus 29 in Appendix 9. 


XIV. JA‘FAR AL-HINDI 


Ja‘far, who may possibly be identical with Abt Ma‘shar, is the author of a work on 
astrology as applied to meteorology translated by Hugh of Sanctalla as the Liber 
Gaphar de mutatione temporis.**’ This is replete with references to Indian theories. 
In general, Ja‘far claims that the Indians attributed changes in the sublunar world to 
the mixing of stellar with lunar influences, as the moon is the intermediary between 
the planets and the earth. Further, he seems to state that the constellations lie 
between the orbits of Mercury and the moon.*°’ Though the moon plays a 
prominent role in Indian astrology, and especially in the samhita literature to which 
meteorological astrology generally belongs, I know of no statement as extreme as 
Ja‘far’s, and no Indian believed that the moon transmitted stellar influences to the 
sublunar world; this is a Greek concept. However, the implication that the fixed stars 
lie between the orbits of the moon and Mercury is found in the Puranas, 1 refer to a 
composite text of the Brahmapurana, the Karmapurana, and the Visnupurana.*°’ 

Further on Ja‘far incorrectly states that Venus and Jupiter are regarded as benefic 
by the Indians, the rest as malefic.*°* In fact, the Indians count only the sun, 
Saturn, and Mars as malefic, as in a verse of Sphujidhvaja.*°’ On the same page 
Ja‘far erroneously ascribes to the Indians a belief in the significance of the quarters 
of the month. 

However, he then alludes*’’ to the Indian system of 28 naksatras including 
Abhijit, and the other Indian system of 27 naksatras of which each contains 13;20°. 
It has already been noted above that the Sasanians were acquainted with the Indian 
naksatras. At some point a text (in Pahlavi or in Arabic) concerning activities to be 
undertaken or avoided when the moon is in each of the naksatras (manazil al-qgamar 
in Arabic) was put together from three sources: an Indian text, the fifth book of 


06 


700 See Sphujidhvaja, Yavanajataka 63 (n. 3 above) with the commentary, and Bhojaraja (n. 
168 above) 17.16-21. 

701 Ja‘far, Liber Gaphar de mutatione temporis, published with a similar work ascribed to 
al-Kindt by P. Liechtenstein (Venice 1507). For an Indian method of meteorological astrology 
see Bhojaraja 14 (n. 168 above). 

202 Ja‘far, fol. c Ir-v. 

703 W. Kirfel, Das Purana vom Weltgebaude (Bonn 1954) 48-49. 

204 Ja‘far (n. 201 above) fol. c Iv. 

205. Yavanajataka (n. 3 above) 1.109. 

206 Ja‘far (n. 201 above) fol. c 2. 
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Dorotheus, and a Persian tradition. The Arabic version of this text was copied by ‘Ali 
ibn abi al Rijal, through whom it reached the Latin West;*°’ and it was translated 
into Byzantine Greek;*°* it was also used in part by the author of the Picatrix, 
through which again it appears in Latin.*°’ Many parallels to these texts are to be 
found in the third-century (?) Tantra of Pardsara, as quoted in Bhattotpala’s tenth- 
century vivrti on the Brhatsamhita of Varahamihira.*'® ParaSara classifies the 
twenty-eight naksatras into seven categories — fixed (dhruva), sharp (da@runa), fierce 
(ugra), swift (Ksipra), soft (mrdu), common (sadharana), and unstable (cara): 


Asvini = al-Nath or al-Sharatan. swift. 
Bharani = al-Butayn. fierce. 
Krttika = al-Thurayyd. common. 
Rohini = al-Dabaran. fixed. 
Mrgasiras = 41-Ηδα ἃ. soft. 

Ardra = al-Han‘a. sharp. 
Punarvasu = al-Dhira‘. unstable. 
Pusya = al-Nathra. swift. 

Aslesa = al-Tarf. sharp. 

Magha = al-Jabha. fierce. 

. PUrvaphalguni = al-Zubra. fierce. 
Uttaraphalguni = al-Sarfa. fixed. 
Hasta = al-‘Awwa. swift. 

Citra = al-Simak al-a‘zal. soft. 
Svati = al-Ghafr. unstable. 

. Visakha = al-Zubana. common. 
Anuradha = al-Ikhl. soft. 

. Jyestha = al-Qalb. sharp. 

. Mula = al-Shawla. sharp. 

. Purvasadha = al-Na‘a’im. fierce. 


RQ me a a ee 
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21. Uttarasadha = al-Balda. fixed. 

22. Abhijit = Sa‘d al-dhabih. swift. 

23 Sravana = Sa‘d bula‘. unstable. 

24. Dhanistha = Sa‘d al-su ‘tid. unstable. 


Satabhisak = Sa‘d al-akhbiyya. unstable. 

. Purvabhadrapada = al-Fargh al-awwal. fierce. 
Uttarabhadrapada = al-Fargh al-thani. fixed. 
Revati = Batn al-hut. soft. 


NN NHN Ὁ 
GIA 


Parasara associates certain acts with the naksatras of each category; the source of the 
Arabic text has associated these same acts with specific members of each category. 
The parallels with the Western texts suffice to demonstrate the derivation of much of 


207 Ibn abi al-Rijal 7.101 (n. 50 above). ᾿ 

208 Fd. S. Weinstock in CCAG 9.1 (Brussels 1951) 138-156. 
209 Picatrix 1.4 (n. 192 above) 

710 Qn 97.6-11. 
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this material from an Indian source. The Arabic version contains more of such 
material, as do also the sections ascribed to Dorotheus. The sources of this text on 
the naksatras, and of the similar text on the decans discussed under Abt Ma‘shar, 
appear to have been much the same; it seems probable that both originated in 
Sasanian Iran. 


XV. AL-QABISI 


Previously, in discussing the nava@msas under Masha’allah, we have had occasion to 
refer ‘to al-Qabisi; he records also another astrological doctrine which he attributes to 
the Indians.  Ηδ calls this albuzic. After a conjunction of the sun and the moon, 
the first 12 hours are ruled by the sun, the next 12 by Venus, the next 12 by 
Mercury, and so on until the next conjunction. Each period of 12 hours is divided 
into three subperiods, each of which contains four hours; these subperiods are ruled 
by the three lords of the triplicity of the planet which rules the 12-hour period. 
Essentially the same theory is found in a text preserved in the margin of fol. 208 of 
Vaticanus graecus 1056, which I edit in Appendix 10. 

The periods of 12 hours measured from a conjunction of the sun and the moon 
are approximately the Indian karanas, but the Indian method of determining their 
lords is completely different. Out of the 60 karanas in a synodic month beginning 
with a conjunction four are fixed: 58 (sakuni), 59 (catuspada), 60 (naga), and 1 
(kimstughna). The other 56 karanas form eight series of seven each (vava, valava, 
kaulava, tailika, gara, vanija, and visti). Their lords are: 


1. kimstughna. Maruta. 

2,9,16,23 ,30,37,44,51. vava. Indra. 
3,10,17,24,31,38,45,52. valava. Brahma. 
4,11,18,25,32,39,46,53. kaulava. Mitra. 
5,12,19,26,33,40,47,54. tailika. Aryaman. 
6,13,20,27,34,41,48,55. gara. Bhir. 
7,14,21,28,35,42,49,56. vanija. Laksmt. 
8,15,22,29,36,43,50,57. visti. Yama. 
58. sakuni. Kali. 

59. catuspada. Vrsa. 

60. naga. Sarpa. 


This system is described by Varahamihira.*’? The origin of al-Qabisi’s method of 
assigning lords according to the descending order of the planets (that is, in accord- 
ance with their lordships of the hours) is not apparent; but his use of the lords of the 
triplicities as lords of the thirds of the karanas is likely to be due to some astrologer 
familiar (as were the Sasanians) with Dorotheus of Sidon. 


211 Al-Qabisi 4 (n. 59 above) fols. d 4v-d 5. 
212 Varghamihira (n. 174 above) 99.1-2. 
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XVI. SIMEON SETH 


It is well known that the astronomers of al-Ma’mun in the early ninth century 
established that the rate of the precession of the equinoxes is 1° in every 66 years 
approximately, or about 0:0,54° per year. This is, in fact, an Indian parameter.*’* I 
have discussed elsewhere its appearance in Byzantine texts of the eleventh and 
fourteenth centuries.*'* I edit, in Appendix 11, the text of Simeon Seth there 
referred to, from fol. 32 of Vaticanus graecus 1056. 

Simeon Seth’s list of stars presents many problems. It bears no direct derivative 
relationship to Ptolemy’s catalog, and two of its nine stars remain unidentified. In 
the following I give the modern names and Ptolemy’s coordinates and magnitudes, as 
well as the differences between Simeon’s and Ptolemy’s longitudes and latitudes 
(always Simeon — Ptolemy). 


14 


Stars λ Ar β Δβ Magnitudes 

1. a Andromedae +H 17;50 +14;10 +26;0 0 2.3 

2. Unidentified 

3. y Orionis Ὁ 24: +14;30 -17:30 0 2 

4. β Geminorum IL 26:40 +15;50 +6;15 —3;0 2 

5. a Hydrae δ 0;0 +15;30 -20;30 0 2 

6. Unidentified 

7. & Leonis δὲ 1410 +15;30 +13;40 0 2.3 

8. 6 Leonis SY 24:30 +15;10 +11;50 ~2;41 1.2 

9. B Virginis §& 29;0 +15;20 +0;10 ---- 3 


XVII. VATICANUS GRAECUS 1056 


There is a curious collection of astrological opinions about interrogations preserved on 
fols. 151v-154 of Vaticanus graecus 1056: it includes excerpts falsely ascribed to 
Vettius Valens, to Dorotheus, and to Pythagoras, as well as alleged quotations from 
the works of the Babylonians, the Egyptians, the Hellenes, the Indians, the Persians, 
and Abit Ma‘shar. I intend to discuss this text more fully in an edition of Valens; here 
I need only remark that in so far as the “Indian” passages are not commonplaces of 
interrogational astrology they are also not specifically Indian in character. 


XVIII. PARISINUS GRAECUS 2506 


This manuscript, on fols. 158v-159v, contains a Christianized treatise on the lordship 
of the months of a pregnancy, which I edit in Appendix 12. The lordships of the 
months are determined for the first seven from the ascending order of the planetary 


213 Pingree, ‘“‘Precession and Trepidation” (n. 4 above). 
214 Pingree (n. 104 above) 138-139. 
215 Ed. I. Heeg in CCAG 5.3 (Brussels 1910) 110-121. 
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orbits beginning with the sun, those of the last two from the descending order 
beginning with Saturn; it results that every even month is ruled by a malefic or 


potentially malefic planet: 


1. Sun 2. Mars 

3. Jupiter 4. Saturn 
By Moon 6. Mercury 
7. Venus 8. Saturn 
9. Jupiter 


Totally different lords of the months of pregnancy are found in Sanskrit texts. 
Sphujidhvaja lists Mars, Venus, Jupiter, the sun, the moon, Saturn, the moon, the 
ascendant, the moon, and the sun.*'° The more common Indian lords — Venus, 
Mars, Jupiter, the sun, Saturn, the moon, Mercury, the lord of the ascendant, the 
moon, and the sun — are enumerated first by Minaraja.”"’ 


XIX. PICATRIX 


Several passages from the Picatrix of an ultimately Indian origin have already been 
referred to in this article;*’* there are many others, including portions of the 
Harranian prayers to the planets.*’” Here I wish only to remark that, through this 
magical route, the Sanskrit names of the planetary deities (in very corrupt form) 
appear in Latin. I give in parallel columns the names in each language as they appear 
in the Arabic and the Latin, with the appropriate Sanskrit names following the 
Arabic for the Indian names. 


Arabic Latin 
Saturn: 
Arabic (Arabicum) Zuhal Zohal 
Persian (Feniz) Kaywan Keyhneri 
“Roman” (Romanum) Quriinus Karonoz 
Greek (Grecum) Agirtinus Hacoronoz 
Indian (Indianum) Shanashar (Sanaiscara) Satar 
Jupiter: 
Arabic Mushtari Mistery 
Persian Birjis Bargiz 
Foreign (Romanum) Hurmuz Dermiz 
Greek Zaush Raus 
Indian Wihasfati (Brhaspati) Hauzfat 


216 Yavanajataka (n. 3 above) 5.9. 
217 Vrddhayavanajataka (n. 4 above) 3.9 c-17. 
218 Picatrix (n. 192 above); decanic images in 2.11 and lunar mansions in 1.4. 
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Mars: 

Arabic Mirrikh Marech 
Persian Bahram Baharaz 
“Roman” Rays Rabiz 
Greek Aras Hahuez 
Indian Anjara (Angara) Bahaze 
Sun: 

Arabic Shams Jaxems 
Persian (Caldeum) Mihr Maer 
“Roman” lliyds Aylebuz 
Indian Aras (Aditya ?) Araz 
Venus: 

Arabic Zuhara Zohara 
Persian Anahid Ateyhnit 
“Roman” Afraditt Affludita 
Greek Tiyaniya Atruenita 
Indian Surfa (Sukra) Sarca 
Mercury: 

Arabic ‘Utarid Hotaric 
Persian Tir Tyr 
“Roman” Haris Haruz 
Greek Hurmus Hermes 
Indian Budha (Budha) Meda 
Moon: 

Arabic Qamar Tamar 
Persian Mah Heme 
“Roman” Salini Zelec 
Greek Sam ‘ail Zamail 
Indian Sima (Soma) Teryz 


XX. SHAMS AL-DIN AL-BUKHARI 


Between the years 1295 and 1302 Gregory Chioniades translated several Arabic zijes 
into Greek including the Zi al-‘Ala7, the Zi al-Sanjari, and a zij written by his 
teacher in Tabriz, Shams al-Din al-Bukhari.**° In the introduction to his zi Shams 


221 


al-Din makes several comments on Indian astronomers; his information is correct. 


The Indian calendar-year begins with the conjunction of the sun and moon of Caitra, 


219 Thid. 3.7. 
220 Pingree (n. 104 above). 
221 Ed. F. Cumont in CCAG 1 (Brussels 1898) 85-87. 
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which is the synodic month in which the sun enters Aries. An intercalary month in 
Sanskrit is called an adhimasa or malamdasa; padamasa is a common Arabic mislection 
of the latter, of which νατμασάν is evidently a corruption. 

The Indian year-beginning is also referred to in the Zi al-Sanjari.*** More 
impressive is the fact that the Ζῇ in 4.1 gives the Indian rule for computing the Sine 
of the rising amplitude of the sun, Sin n:**” 


Pas τατος R 

Sin ἡ = Sin ὃ Sin 3 

Brahmagupta gives this in BSS 3.64. And in 6.5 the zij gives the Indian rule for 
finding the distance of the perpendicular from the sun to the plane of the horizon, 
from the east-west line.*”* If we call that distance the bahu, the text states: 


bahu = sankutala + Sin 7 ; 


further, 


. 


Sankutala = Sina > aud ; 

Sin @ 

where a is the sun’s altitude. This rule is used by Brahmagupta; one will find it 
expressed, for example, in Paitamahasiddhanta 9.1.°*° 


XXI. CONCLUSIONS 


From this rapid survey of very scattered and disparate material it is apparent that the 
most massive transmission of Indian astral science to the West was through the 
Sindhind; but the tables of al-Khwarizmi and the associated commentaries were little 
and briefly known. The main influence was through the absorption of some Indian 
methods (primarily trigonometric) and parameters into Islamic Ptolemaic works. The 
Sindhind tradition at its inception in late eighth-century Baghdad was not purely 
Indian; by the time it reached Adelard of Bath in the early twelfth century many 
sections had been “‘modernized’’; and the Joledan Tables, which appeared in Latin 
half a century later, but which had been composed in Arabic half a century earlier 
than Adelard’s translation, contain very little indeed of al-Khwd4rizmi’s Indian mate- 
rial. The Byzantine astronomical texts displaying some knowledge of Indian science 
are interesting, but had virtually no known influence except for the translation of 
Chioniades. 


222 1.1 on fol. 83v of Laurentianus 28.17. 

223 See O. Neugebauer, Studies in Byzantine Astronomical Terminology, Transactions of the 
American Philosophical Society n.s. 50.2 (Philadelphia 1960) 29. 

224 Ibid. 30. 

225 Trans. Pingree (n. 22 above). 
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In astrology Indian influence upon the Arabs seems to have been primarily 
through Sasanian Iran, though some of it was direct. Indian astrology itself was 
derived from Greece; it acquired more of a Greek coloring as it passed first into 
Pahlavi, then into Arabic, and finally into Greek and Latin. Thus there is much that 
is presented in Greek and Latin as being from India that cannot be identified in the 
few Sanskrit texts on astrology that can be confidently dated before about A.D. 
1000. There remain primarily the iconography of the decans, the catarchic astrology 
of the naksatras, the navamsas, the zodiacal topothesia, the karanas, and elements of 
the prayers to the planetary deities as Indian contributions, however perverted, to 
astrology and magic in the West. Their impact on the Byzantine and western 
European traditions of these two “sciences” and related arts was not negligible, but 
they were never of central importance. The Indian astral sciences in the second, third 
and fourth centuries were far more profoundly influenced by the Greek than the 
latter’s spiritual descendants a millennium later by the former. 


APPENDIX 1 


Vatican Library MS Vat. gr. 1056 (V) fol. 48rv. See above at n. 56. 
Περὶ τοῦ γνῶναι τὴν ἐρώτησιν ὡς ὁ σοφώτατος Μασάλα φησίν, ἀλλὰ καὶ ὡς οἱ 
Ἰνδοὶ ἀπὸ τῆς μεθόδου τοῦ ἐνάτου τοῦ Περσιστὶ καλουμένου νουπάχρατ. 


Περὶ τοῦ τίς ἡ ἐρώτησις ὁ Μασάλα φησὶν ὡς οὐχ εὕρομεν ἀκριβέστερον μαθεῖν 
τὴν ἐρώτησιν ἢ ἀπὸ τοῦ κυρίου τοῦ ὡροσκόπου, ἵνα λάβης τοῦτον ὡς σημειωτικὸν 
ἀστέρα τῆς ὑποθέσεως, ὡσαύτως καὶ τὸν ἀστέρα τὸν ὁρῶντα τὸν ὡροσκόπον καὶ τὸν 
κύριον αὐτοῦ ἐπεὶ ὁ λογισμὸς τοῦ ἐρωτῶντος ἀπὸ τοῦ κυρίου τοῦ ὡροσκόπου 
ἐπιγινώσκεται καὶ ἀπὸ τοῦ ὁρῶντος αὐτὸν ἀστέρος καὶ ἀπὸ τῆς μοίρας τοῦ 
ὡροσκόπου-ἀλλὰ μηδὲ τὸν tows εὑρεθέντα ἀστέρα ἐν τῷ ὡροσκόπῳ KATAANWNS 
μήτε μὴν τὸν ὁρῶντα ἀστέρα τὴν μοῖραν τοῦ ὡροσκόπου μοιρικῶς καὶ οἷον ἂν εὕρῃς 
δυνατώτερον ἐκ τούτων, ἰδὲ ἐν ποίῳ τόπῳ ἐστί, καὶ ἐκ τούτου ἐπιγνωσθήσεταί σοι ἡ 
ἐνθύμησις τοῦ ἐρωτῶντος. 

Λέγουσι δὲ καὶ οἱ Ἰνδοὶ ὅτι-ἰδὲ τοὺς ἀστέρας τοὺς ὁρῶντας τὸν ὡροσκόπον καὶ 
τοὺς ὄντας εἴς, τινας τόπους τοῦ ὡροσκόπου, ὡσαύτως καὶ τὸν κύριον τοῦ ἐννάτου ἤτοι 
τοῦ νουπάχρατ, περὶ οὗ καὶ παρακατιὼν δηλωθήσεται ὅπερ τὸ ἔννατον εὑρήσεις ἰδὲ 
δὲ καὶ τὸν ὁριοκράτορα καὶ τριγωνοκράτορα τοῦ ὡροσκόπου. καὶ οἷον εὕρῃζ 
δυνατώτερον καὶ οἰκειότερον τῷ WPOGKOTW τυγχάνοντα, ἰδὲ ἐν ποίῳ τόπῳ ἐστί, καὶ 
ἐκ τοῦ τόπου ἐπιγνωσθήσεται ἡ ἐρώτησις. 

Τὸ δὲ ἔννατον ὃ καὶ οἱ Ἰνδοὶ νουπάχρατ καλοῦδι γινώσκεται οὕτως. LOTEOV ὅτι τῷ 
τοιούτω ὀνόματι, ἤγουν τὸ ἔννατον, ἔστι διακοσίων λεπτῶν ἤτοι τριῶν μοιρῶν καὶ 
τρίτου μοίρας ὀρθῆς. ἔσται οὖν ἐν ἑκάστῳ ζωδίῳ ἐννέα ἔννατα, ὧν ἕκαστον ἔχει 
ἴδιον ἐπικρατήτορα. καὶ εἰ μὲν τὸ ζώδιόν ἐστι Κριὸς ἢ Λέων ἢ Τοξότης, ἔσται 
ἑκάστου πρώτου ἐννάτου ἐν τοῖς τοιούτοις ζωδίοις κύριος ὁ τοῦ Κριοῦ οἰκοδεσπότης 
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“Apns, Tod δὲ δευτέρου κυριεύσει ἡ ᾿Αφροδίτη ἡ κυρία τοῦ Ταύρου, τοῦ δὲ τρίτου 
ἐννάτου κυριεύσει ὁ Ἑρμῆς ὁ κύριος τῶν Διδύμων, τοῦ δὲ δ΄ ἐννάτου ἡ Σελήνη ἡ 
κυρία τοῦ Καρκίνου, τοῦ δὲ ε΄ ὁ “Haus ὁ κύριος τοῦ Λέοντος, τοῦ δὲ ς’ ὁ Ἑρμῆς ὁ 
κύριος τῆς Παρθένου'καὶ οὑτωσὶ ποιῶν εὑρήσεις τὸν κύριον τοῦ ἐννάτου. 

2 Περσιστῆν || 4 τοῦΐ sup. lin. scr. V || 6 τοῦ sup. lin. scr. V || 9 μοιρηκῶς V || 21 τοξότης]ταῦροςν. 


With this must be considered a chapter on fols. 123v-124 of Venice, Bibl. Naz. 


Marciana MS gr. 335 (H). 
ρνη΄ Περὶ τοῦ γνῶναι τὴν ἐρώτησιν ἀπὸ τοῦ καλουμένου νουπὰρχ ἤγουν μερισμοῦ. 


Στῆσον τὸν ὡροσκότπον, καὶ ἰδὲ τὰς μοίρας αὐτοῦ πόσαι εἰσίν. καὶ μέρισον ταύτας 
παρὰ τὸν Ὑ(γ), καὶ ἀπόλυε ταύτας ἀπὸ τοῦ ὡροσκοποῦντος ζωδίου, διδοὺς κατὰ ¥ ty) 
ἕν ζώδιον. καὶ εἰς οἷον ἂν καταλήξῃ βλέπε, καὶ ἀπὸ τῆς σημασίας τοῦ τόπου καὶ τοῦ ἐν 
αὐτῶ ἀστέρος λέγε τὴν ἐρώτησιν. 

Ὑποδείγματος χάριν. γέγονεν ἡ ἐρώτησις ὡροσκοπούσης μοίρας ι΄ τοῦ Κριοῦ, καὶ 
ἦν τρία νουπάρχ. ἀπέλυσα ταῦτα ἀπὸ τοῦ ὡροσκόπου, καὶ κατήντησεν ὁ ἀριθμὸς εἰς 
τὸν γ΄τόπον, ἐν ᾧ ἀνεπόδιζεν ὁ Κρόνος. καὶ εἶπον διὰ τοῦτο ὅτι ἡ ἐρώτησίς ἐστι περὶ 
ἀποδήμου, πότε ἥξει. ἦν δὲ ὁ Ἑρμῆς ὁ κύριος τοῦ νουπὰρχ μεσουρανῶν ἐν τῷ 
Ὑδροχόῳ μετὰ Ἥλωου, καὶ εἶπον ὡς οὗτος ὁ ἀπόδημος ἐκτήσατο καὶ ἔχει μετ᾽ αὐτοῦ 
πολλούς, καὶ συμπίλισίς ἐστιν ἐν τῷ οἴκῳ αὐτοῦ διότι ὁ “Ἥλιος ὁ κρατῶν τοῦ 
ὑψώματος τοῦ ὡροσκόπου καὶ τοῦ φωτὸς τοῦ κόσμου ἐμεσουράνησεν ἐν τῷ 
Ὑδροχόῳ μετὰ τοῦ ἝἭ, ρμοῦ.ὃὁ δὲ κύριος αὐτοῦ ὁ Κρόνος ἐν τοῖς Διδύμοις ἦν τῷ οἴκῳ 
τοῦ Ἕ, ρμοῦ, καὶ διὰ τοῦτο ἐτεκμηράμην ὡς ὁ ἀπόδημός ἐστιν ὁ ᾿Αμερουμνῆς. 
προσελαβόμην δὲ συνεργὸν πρὸς βεβαίωσιν τὸν Κρόνον, ὃς κύριος ἔτυχε τοῦ κοσμικοῦ 
χρόνου, πρὸς δὲ καὶ τοῦ Ἡλίου καὶ τοῦ ἙἭ ρμοῦ, καὶ ἐδήλωσε τὴν ἐρώτησιν εἶναι, 
πότε ἐπανήξει ὁ ᾿Αμερουμνῆς. 

᾿Έλαβον δὲ καὶ δύο τεκμήρια περιεκτικώτερα ἃ ἐκέκτητο ὁ Μασάλα καὶ οἱ 
ἀρχαῖοι. καὶ γὰρ θ εἰσὶν ἐν τῷ ὡροσκόπῳ SNAWTLKOL-O κύριος αὐτοῦ καὶ ὁ κύριος τοῦ 
ὑψώματος καὶ τοῦ τριγώνου καὶ τοῦ ὁρίου καὶ τοῦ θ᾽ καὶ ὁ ἀστὴρ πρὸς ὃν γίνεται ἡ 
κόλλησις τῆς μοίρας τοῦ ὡροσκόπου καὶ ὁ ἐπὼν τῷ ὡροσκόπῳ ἀστὴρ καὶ ὁ κλῆρος 
τῆς τύχης καὶ ὁ κύριος αὐτοῦ, καὶ ὁ διέπων καὶ ὁ κύριος τοῦ Ἡλίου ἡμέρας καὶ τῆς 
Σελήνης νυκτός. βλέπε οὖν ποῖος ἐκ τούτων ἔχει πλείονας λόγους, καὶ εἰ ἔστιν ὁ 
ἐπικρατήτωρ, καὶ ἰδὲ τίς τούτω: συνάπτει τῶν ἀστέρων, καὶ τίνος τόπον κυριεύει:καὶ 
πρὸς ἐκεῖνο ἀποτέλει. ἐπεὶ δὲ ζῳδίου τινὸς μέρος ἐστὶ καθ᾽ ὑπόθεσιν τῆς ἀποδημίας 
καὶ μέρος τοῦ μεσουρανήματος, λάμβανε τὸν ἔχοντα πλείονας μοίρας, καὶ 
καταλίμπανε τὸν ἔχοντα τὰς ἐλάττους, καὶ ἀνάγαγε τὸν σκοπὸν εἰς τὰ πλείονα .εἰ μὲν 
οὖν ἐστιν ὁ ἐπικρατήτωρ ἐν τῷ ὡροσκόπῳ μὴ συνάπτων τινί, ἐρωτᾷ περὶ αὑτοῦ, ἐν 
δὲ τῷ η' περίτινος ἐξοδιασθέντος παρ᾽ αὐτοῦ. καὶ οὕτως ἀποτέλει κατὰ τὴν φύσιν τῶν 
(3 τόπων ταῦτα εἰ μὴ ἐπισυνάπτει ὁ ἐπικρατήτωρ τινί. εἰ δὲ συνάπτει, ἔχε τὸν 
συνάπτοντα αὐτῷ ἐπικρατήτορα, καὶ ἰδὲ τίνες συνάπτουσιν αὑτῷ, καὶ ἀποφαίνου τὸν 
σκοπὸν κατὰ τὴν φύσιν τοῦ τόπου οὗ κυριεύει ὁ συνάπτων ἀστήρ. 

Καὶ εἰ ἔστιν ὁ ἐπικρατήτωρ ἐν ἰδίῳ ταπεινώματι ἐρωτᾷ περὶ κλοπῆς ἢ περί τινος 
πεπτωκότος πράγματος, εἰ δὲ μεταβαίνει ἀπὸ ζωδίου εἰς ζῴδιον περὶ ἀποδημίας, εἰ 
δὲ συνάπτει τῷ κυρίῳ τοῦ η΄ ἢ τοῦ ιβ΄ κακοποιοῖς οὖόι περὶ θανάτου ἢ φόβου, εἰ δὲ 
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στηρίζει πρὸς TO ἀναποδίσαι περὶ πράγματος πότε εὐθυνθήσεται, εἰ δὲ ἀναποδίζει 
περὶ ἀπορίας πράγματος εἰ δέ ἐστι μετὰ τοῦ ᾿Αναβιβάζοντος ἐν τῷ οἰκείῳ ὑψώματι ἢ 
μεσουρανῶν, ἔστιν ἡ ἐρώτησις περὶ θεοῦ ἢ πίστεως ἢ βασιλέως ἢ ἄρχοντος. εἰ δὲ 
σύνεστι τῇ ᾿Αφροδίτῃ καὶ ἐφορᾷ τοῦτον ὁ ἙἭ μῆς, ἐρωτᾷ περὶ ὑπολήψεως 
γυναικείας, εἰ δὲ μετὰ τοῦ Καταβιβάζοντος περὶ ἀντιλογίας καὶ διαμάχης, εἰ δὲ 
ὡροσκοπεῖ ἡ Σελήνη περὶ μάχης ἢ φήμης. εἰ δ᾽ ἔστιν ἐν τῷ δ΄ ἢ μετὰ τοῦ 
᾿Αναβιβάζοντος ἢ τοῦ Καταβιβάζοντος ἐν τῷ ζ΄, ἐρωτᾷ περὶ θησαυροῦ κεχωομένου’ 
τὸ δ᾽ αὐτὸ καὶ εἰ ὁ κύριος τοῦ β᾽ ἐστὶν ἐν τῷ δ΄ καὶ ὁ κύριος τοῦ δ΄ ἐν τῷ ὡροσκόπῳ. 
εἰ δὲ ἐν τῷ μεσουρανήματί ἐστιν ὁ ἐπικρατήτωρ μετὰ τοῦ ᾿Αρεως, ἔστι δὲ καὶ τὸ 
ζῴδιον πυρῶδες, ἐρωτᾷ περὶ χρυσοποιΐας. εἰ δὲ μετὰ τοῦ Καταβιβάζοντός ἐστιν ὁ 
ἐπικρατήτωρ, ἡ ἐρώτησίς ἐστὶ περὶ μαγείας -καὶ εἰ ἐπίδοι τοῦτον ὁ Ἑρμῆς, σημαίνει 
τὴν μαγείαν ἀληθῆ εἶναι. τὸ δ᾽ αὐτὸ λέγε καὶ εἰ ἐπικρατήτωρ ἐστὶν ὁ Κρόνος καὶ 
σύνεστι τῷ Ἕρμῇ ἢ συσχηματίζεται αὐτῷ. καὶ γὰρ ἡ ἐρώτησις ἔσται περὶ μαγείας. 
καὶ ὅτε γένηται ἔξαυγος (ἤγουν ἑῷος) ὁ ἐπικρατήτωρ, ἔστιν ἡ ἐρώτησις περὶ 
δαιμονῶντος, καὶ μάλιστα εἰ σὺν TH Ewa φάσει συνάπτει κακοποιῷ ἢἣ ἐν ὁρίοις 
ὑπάρχει τοῦ ἝἭ ρμοῦ ἢ τοῦ Κρόνου. εἰ δὲ ὡροσκοτπεῖ εἷς τῶν οἴκων τοῦ Ἑ, μοῦ καὶ οἱ 
ἐπικρατήτορες ἐπίκεντροι ὦσιν, συνάπτοντος αὐτοῖς τοῦ ἙἭ, μοῦ. ἡ ἐρώτησίς ἐστι 
περὶ γραμμάτων. 


18 0 H |i 39 ὑψολήψεως H I 45 ἐρρωτᾷ H || 46 ἐπείδοι Η 


APPENDIX 2 
Rome, Bibl. Angelica MS gr. 29 (E) fols. 34v-35. 


Περὶ τοῦ νουποῦχρα τῶν Ἰνδῶν, ἤτοι περὶ τοῦ δασμοῦ τῶν μοιρῶν ἑκάστου 
ζῳδίου. 


᾿Απονέμουσιν οἱ Ἰνδοὶ τοῦ Κριοῦ τὰς πρώτας μοίρας ¥ καὶ τὸ γ΄ τῆς μιᾶς μοίρας 
τῷ “Ape, τὰς δὲ ἐξῆς Y μοίρας καὶ τὸ γ΄ τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς Ὑ μοίρας καὶ τὸ 
y τῷ Ἑρμῇ, τὰς δὲ ἑξῆς τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ Ἡλίω, τὰς δὲ ἑξῆς τῷ Ἑρμῇ, 
τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς πάλιν τῷ "Ἄρει, (τὰς δὲ ἑξῆς τῷ Ati). 

Τοῦ δὲ Ταύρου τὰς α΄ ¥ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῷ Κρόνῳ, τὰς δὲ ἑξῆς τῷ 
Κρόνῳ, τὰς δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς τῷ ᾿Άρει, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ 
ἑξῆς τῷ Ἑρμῇ, τὰς 6€ ἑξῆς τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ Ἡλίῳ, τὰς δὲ ἑξῆς τῷ 
Ἑρμῇ. 

Τῶν δὲ Διδύμων τὰς α΄ μοίρας ¥ καὶ τὸ γ΄ ἀπονέμουσι τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς 
τῷ ‘Apel, τὰς δὲ ἑξῆς τῷ Ati, τὰς δὲ ἑξῆς τῷ Κρόνῳ, (τὰς δὲ ἑξῆς τῷ Κρόνῳ), τὰς 
δὲ ἑξῆς τῶ Au, τὰς δὲ ἑξῆς τῷ ᾿Άρει, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, καὶ τὰς ἑξῆς τῷ 
Ἑρμῇ. 
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Τοῦ δὲ Καρκίνου τὰς α΄ ¥ μοίρας καὶ τὸ γ΄ ἀνέδωκαν τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῶ 
Ἡλίω, τὰς δὲ ἑξῆς τῷ Ἑρμῇ, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ ᾿Άρει, τὰς 
δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς τῷ Κρόνῳ, (τὰς δὲ ἑξῆς τῷ Κρόνῳ), καὶ τὰς ἑξῆς τῷ 
Διί. 

Τοῦ δὲ Λέοντος τὰς α΄ Ὕ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῷ ᾿Ἄρει, τὰς δὲ ἐξῆς τῇ 
᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ ἙἭ ρμῇ, τὰς δὲ ἑξῆς τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ Ἡλίῳ, 
τὰς δὲ ἑξῆς TH Ἑρμῇ, τὰς δὲ ἐξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ Ἄρει, τὰς δὲ ἑξῆς 
τῷ Διί. 

Τῆς δὲ Παρθένου τὰς α΄ ¥ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῷ Κρόνῳ, καὶ τὰς ἑξῆς 
τῷ Κρόνω, τὰς δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς TH ᾿Ἄρει, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς 
δὲ ἑξῆς τῷ Ἑρμῇ, τὰς δὲ ἑξῆς τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ Ἡλίῳ, καὶ τὰς ἑξῆς τῷ 
Ἑρμῇ. 

Τοῦ δὲ Ζυγοῦ τὰς α΄ Ὕ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ 
“Apel, τὰς δὲ ἑξῆς τῷ Ati, τὰς δὲ ἑξῆς τῷ Κρόνῳ, καὶ τὰς ἑξῆς τῷ Κρόνῳ, (τὰς δὲ 
ἑξῆς τῷ Aud, τὰς δὲ ἑξῆς τῷ ᾿Ἄρει, τὰς δὲ ἑξῆς TH ᾿Αφροδίτῃ, (τὰς δὲ ἐξῆς τῷ 
Ἑρμῇ). 

Τοῦ Σκορπίου τὰς α΄ ¥ μφίρας καὶ τὸ γ᾽ ἀπονέμουσι τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ 
Ἡλίῳ, τὰς δὲ ἑξῆς τῷ Ἑρμῇ, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ ᾿Άρει, τὰς 
δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς τῷ Κρόνῳ, καὶ τὰς ἑξῆς τῷ Κρόνῳ, καὶ τὰς ἑξῆς τῷ 
Mi. 

Τοῦ δὲ Τοξότου τὰς a’ Ὑ μοίρας Kai τὸ γ᾽ ἀπονέμουσι τῷ “Apel, Tas δὲ ἑξῆς TH 
᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ “Epp, τὰς δὲ ἑξῆς τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ Ἡλίῳ, 
τὰς δὲ ἑξῆς τῷ Ἑρμῇ, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς TH ΄Αρει, καὶ τὰς 
ἑξῆς τῷ Au. 

Τοῦ δὲ Αἰγοκέρωτος τὰς α΄ Ὕ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῷ Κρόνῳ, καὶ τὰς 
ἑξῆς τῷ Κρόνῳ, τὰς δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς τῷ ᾿Ἄρει, τὰς δὲ ἑξῆς τῇ 
᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ ἙἭ, ρμῇ, τὰς δὲ ἑξῆς τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ Ἡλίῳ, 
καὶ τὰς ἐξῆς τῷ Ἑρμῇ. 

Τοῦ δὲ Ὕδροχόῳ τὰς α΄ Ὕ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς 
τῷ “Ape, τὰς δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς τῷ Κρόνῳ, καὶ τὰς ἑξῆς τῷ Κρόνῳ, τὰς 
δὲ ἑξῆς τῷ Au, τὰς δὲ ἑξῆς τῷ “Ape, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, καὶ τὰς ἑξῆς τῷ 
Ἑρμῇ. 

Τῶν δὲ Ἰχθύων τὰς a’ ¥ μοίρας καὶ τὸ γ΄ ἀπονέμουσι τῇ Σελήνῃ, τὰς δὲ ἑξῆς τῷ 
Ἡλίῳ, τὰς δὲ ἑξῆς τῷ ἙἭ,ρμῇ, τὰς δὲ ἑξῆς τῇ ᾿Αφροδίτῃ, τὰς δὲ ἑξῆς τῷ “Apel, τὰς 
δὲ ἑξῆς τῷ Διΐ, τὰς δὲ ἑξῆς τῷ Κρόνῳ, καὶ τὰς ἑξῆς τῷ Κρόνῳ, καὶ τὰς ἑξῆς τῷ. 
Διί. 


8 κρόνῳ] symb. Solis E || 19 τὸ] τῷ Ε || 21 post ἑρμῇ iter. 20 τὰς 2 -- 21 ἑρμῇ E. 
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APPENDIX 4 


Vatican Library MS Vat. gr. 1056 fols. 81v-82. See above at n. 175. 


Ἰνδός τις σοφὸς λεγόμενος Πορζοζόμχαρ εἷπεν- ιβ εἰσὶ σημασίαι τῆς εὑρέσεως τοῦ 
κλέμματος. 

Mia μὲν τὸ ὁρᾶν τὸν κύριον τοῦ.δύνοντος τὸν κύριον τοῦ ὡροσκόπου. 

Δεύτερον τὸ ὁρᾶν μὲν τὸν κύριον τοῦ δύνοντος τὸν κύριον τοῦ ὡροσκόπου, εἶναι δὲ 
καὶ τὸν κύριον τοῦ δύνοντος ὕπαυγον. τότε γὰρ φόβω τοῦ ἐξουσιαστοῦ ἀντιστρέψει ὁ 
κλέπτης ἃ ἔκλεψεν. 

Γ΄ ὅταν ἀστήρ τις βλέπῃ μὲν τὸν κύριον τοῦ δύνοντος καὶ τὸν ᾿Ἤλων, εἶτα 
ἀπέρχεται πρὸς τὸν κύῤιον τοῦ ὡροσκόπου. 

Δ΄ ὅτε ἀστήρ τις ἀπὸ σχηματισμοῦ τοῦ Ἡλίου ἐξερχόμενος ἀπέρχεται πρὸς τὸν 
κύριον τοῦ ὡροσκόπου᾽ Y... φως (2) γὰρ τοῦ ἐξουσιαστοῦ ἀντιστρέψει τὸ κλέμμα ὁ 
κλέπτης. 

Ε΄ ὅτε ἀστήρ τις ἀπὸ τοῦ κυρίου τοῦ μεσουρανήματος ἐξερχόμενος ἀπέρχεται πρὸς 
τὸν κύριον τοῦ ὡροσκόπου. 
γὰρ τότε παρὰ ἐξουσιαστοῦ πρὸς τὸ λαβεῖν τὸν κλέπτην. 

Z ‘OTE ὁ κύριος τοῦ β΄ τόπου ὡροσκοτεῖ. 

H ‘dre ὁρᾷ ὁ κύριος τοῦ ὡροσκόπου τὸν κύριον τοῦ β΄ καὶ ὁ κύριος τοῦ β΄ τὸν κύριον 
τοῦ ὡροσκότπου. 

© ὅτε ὁρᾷ ὁ κύριος τοῦ η΄ τὸν κύριον τοῦ β΄. 

I ὅτε ὁ κύριος τοῦ β΄ καὶ ὃ κύριος τοῦ ζ΄ εἰσὶν ἐν τοῖς κέντροις. 

[fol. 82] σημεῖον yap .... 
ἐξελθεῖν τὸν κλέπτην ἢ τὸ κλέμμα... .. 
(IB’) ὅτε συνάπτει ἡ Σελήνη τῷ κυρίῳ τοῦ ὡροσκόπου. 


APPENDIX 5 
Shadhan, Mudhakarat chapter 59. See n. 178 above. 


Εἶπεν ὁ ᾿Αποσαϊτ.ἀπεστάλη πρὸς Tov ᾿Απομάσαρ γενέθλιον τοῦ υἱοῦ τοῦ βασιλέως 
τῶν Ἰνδῶν'-εἶχε γὰρ παῤ αὐτῷ φίλον ὅστις ἐπήνει αὐτὸν διηνεκῶς .ἦν δὲ ὡροσκόπος 
οἱ Δίδυμοι, καὶ, ὁ “Ἥλιος ἔτυχεν ἐν τῷ Αἰγοκέρωτι, καὶ ἣ Σελήνη ὁμοίως πλὴν ἤδη 
ἐχωρίσθη ἐκ τῶν τοῦ Ἡλίου αὐγῶν . hv δὲ ὁ Ἑρμῆς ἐν τῷ Ὑδροχόω, καὶ ὁ Ζεὺς ἐν 
τῷ Κριῷ, καὶ ὁ Κρόνος ἐν τῷ Καρκίνῳ, τὴν ἀκμὴν ἔχων τοῦ ἀναποδιομοῦ. ἡ δὲ 
ἀκμὴ τοῦ ἀναποδισμοῦ τότε γίνεται ὅτε διαμετρήσει ὁ ἀστὴρ τὸν Ἥλιον. 

Καὶ ἀπετέλεσεν ὁ ᾿Απομάσαρ ὅτι ζήσεται ἔτη ἰσάριθμα τοῖς μέσοις ἕτεσι τοῦ 
Κρόνου - καὶ ὡς ἤκουσα τὸ τοιοῦτον ἀποτέλεσμα, εἶπον τῷ Απομάσαρ - δόξα σοι ὁ 
Θεός. τί ἀγαθὸν εἶδες ὅτι δέδωκας αὐτῷ τοσαῦτα ἔτη; ὁ γὰρ ἀνέτης αὐτοῦ ἐν τῇ 
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ἀκμῇ τοῦ ἀναποδισμοῦ ἐστι καὶ ATOK EK AK WS - καὶ ἀνάγκη ἐστὶ πολλὴ εἰ δώσω αὐτῷ 
τὰ ἐλάχιοτα αὐτοῦ ἔτη, μᾶλλον δὲ κατὰ τὰς τῶν πολλῶν μεθόδους διὰ τὸν 
ἀναποδισμὸν ὑφαιροῦμαι ἀπὸ τῶν ἐλαχίστων αὐτοῦ ἐτῶν β πέμπτα. καὶ ἠρξάμην καὶ 
ἐγὼ καὶ οἱ παρόντες καταμέμφεσθαι τὸν ᾿Απομάσαρ καὶ λέγειν αὐτῷ. σὺ μέγα ὄνομα 
ἔχεις παρὰ τῷ βασιλεῖ τῶν Ἰνδῶν, καὶ ἐίσι map αὐτῷ καὶ Ἰνδοὶ ἐπιστήμονες . καὶ ὅτε 
ἴδωσι τὸ τοιοῦτον σοὺ ἀποτέλεσμα, ἀντ᾽ οὐδενός σε λογίσονται, καὶ πρὸς τούτοις 
οτερηθήσῃ καὶ τῶν αὐτοῦ δωρεῶν. 

Εἶπεν δὲ ὁ ᾿Απομάσαρ πρὸς ἡμᾶς - φρόνιμοι ὄντες πῶς λαλεῖτε εἴτι δόξει ὑμῖν; οὐκ 
ὀΐδατε ὅτι οἱ ᾿Ινδοὶ πολυζώϊτοί εἰσιν, καὶ οἱ πλείονες ζῶσιν ἕως οὗ καταγηράσωσιν 
παντελῶς; οὐ γινώσκετε δὲ καί, ὅτε τελευτήσει τις πρὶν ἣ κατάλάβῃ τὰ μέσα ἔτη τοῦ 
Κρόνου, λογίζονται τὸ τοιοῦτον θαῦμα μέγα; οὐ γινώσκετε δὲ καὶ τοῦτο, ὅτι ἡ Ἰνδία 
τῷ Κρόνῳ ἀνήκει, καὶ διὰ τοῦτο οὐ πάνυ βλάπτει τι ὁ Κρόνος ἐν τοῖς γενεθλίοις 
αὐτῶν εἰ μή γε ἀποκεκλικὼς εἴη; εἶπον τῷ ᾿Απομασαρ'καὶ ἐν τῷ τοιούτῳ γενεθλίῳ 
ἀποκεκλικώς ἐστιν. εἶπεν.οὔ. ἐν γὰρ τῷ β᾽ τόπῳ ἦν, καὶ ὁ β΄ τόπος οὔκ ἐστιν 
ἀπόκλιμα, ἀλλὰ κυρίως ἀποκλίματά εἰσι καὶ φαῦλα, 6 τε ς᾽ τόπος καὶ ὁ ιβ΄, ὁ δὲ β΄ 
τόπος ἔχει μυστήρια μεγάλα. εἶπον δὲ τῷ ᾿Απομάσαρισὺ ἐδίδαξας ἡμᾶς ὅτι ὁ 
ἀναποδισμὸς ὑφαιρεῖ ἐκ τῆς δόσεως τῶν ἐτῶν β πέμπτα, καὶ πῶς οὐκ ἀφῆκας ἐν τῷ 
τοιούτῳ γενεθλίῳ β πέμπτα; εἶπέ μοι δὲ ὅτι. διὰ τοῦτο οὐκ ἀφεῖλον ταῦτα ἀπὸ τῆς 
τῶν ἐτῶν δόσεως, ὅτι ἦν ὁ Κρόνος ἐν φρέατι. καὶ εἶπον τῷ ᾿Απομάσαρ . τί εἰσὶ τὰ 
λεγόμενα φρέατα; εἶπε δέ - ἀπλανεῖς ἀστέῤες ἐνδυναμοῦντες τοὺς κακοποιοὺς καὶ 
ἀμβλύνοντες τὴν ἐνέργειαν τῶν ἀγαθοποιῶν. 


APPENDIX 6 


Vatican Library MS Vat. gr. 211 fol. 155. See above at n. 182. 
Kavovia τῆς κινήσεως TOD κάϊτ. 


Κρατοῦνται οἱ τέλειοι Σουλτανικοὶ χρόνοι καὶ ἕς ἑνοῦνται τούτοις, ἢ κρατοῦνται οἱ 
τετελειωμένοι χρόνοι τῶν Περσῶν καὶ νδ προστίθενται τούτοις, ἢ κρατοῦνται οἱ 
τετελειωμένοι τῶν Ῥωμαίων πρὸ τοῦ ᾿Αδὰρ καὶ pK προστίθενται τούτοις - ag’ 
ἑκάστου δὲ τούτων ἀνὰ ρμδ ἀφαιροῦνται - εἴ τι καταλειφθῇ, κατ᾽ ἐναντίον ἐκείνου 
γίνεται εἰσέλευσις εἰς τὰ κανόνια τῶν χρόνων, τῶν μηνῶν καὶ τῶν ἡμερῶν: εἴ τι 
εὑρεθῇ ἀπὸ ζῳδίων, μοιρῶν, λεπτῶν καὶ δευτέρων λεπτῶν, τοῦτο ἀεὶ ἀφαιρεῖται ἀπὸ 
τῶν ιβ ἰῳδίων . εἴ τι οὖν καταλειφθῇ, αὐθημερινόν ἐστι τοῦ κάϊτ. 


δωδεκαετηρίδες κίνησις τοῦ κάϊτ ἁπλᾶ ἔτη κίνησις τοῦ κάϊτ 
Ἡλώου ζῴδια τοῦ Ἡλίου μοῖραι λεπτά 
ιβ α α β λ 
κὃ β β Ε O 
As Y Ύ ζ λ 


440 


The Indian and Pseudo-Indian Passages in Greek and Latin 
Astronomical and Astrological Texts 


δωδεκαετηρίδες κίνησις τοῦ κάϊτ ἁπλᾶ ἔτη κίνησις τοῦ καάϊτ 

Ἡλίου ζώδια τοῦ Ἡλίου μοίραι λεπτά 

μη ὃ ὃ ι O 

ξ Ε Ε ιβ λ 

οβ ς ς Le O 

πὸ ζ ζ ιξ λ 

ςς n uf K O 

pn 6 θ κβ λ 

pK l l ΚΕ 0 

prs ια ια Kg λ 

pus ιβ ιβ λ O 

κίνησις τοῦ κάϊτ κίνησις τοῦ κάϊτ 
μῆνες μοῖραι λεπτά λεπτά β᾽ ἡμέραι λεπτά λεπτά β᾽ 
Φαρβαντίν 0 3 K a O KE 
᾿Αρτεμπίστ 0 κὃ β Ο py 
Χορντάτ 0 ὰς νθ Ύ α To 
Tip 0 μθ ιθ δ a hO 
Μουρντάτ α α O € β ΎὝ 
Σαριβάρ α vy vo ς β KN 
Muép a KS in ξ β vy 
᾿Απάν α λῃ An n Y in 
"Add Ep a v vn 6 Ύ μβ 
Ντάϊ β Ύ ut ὃ ζ 
Μπαχμάν β Le λζ Κ n Ly 
᾿Εσφιταρδμάδ β KE ve ιβ K 
APPENDIX 7 


Rome, Bibl. Angelica MS gr. 29 fol. 23. See above at n. 196. 


Περὶ yeved Aiov «μέθοδος ᾿νδικὴ πάνυ θαυμασιωτάτη. 

“Ore γεννηθῇ τις καὶ τύχῃ ὁ Ἥλιος ἐν τῷ ὡροσκόπῳ ἢ ἐν τῷ ἰδίῳ ὑψώματι, 
τεύξεται ἐξουσίας μεγάλας. εἰ δὲ ἐν τῷ β΄ τόπω, ἔσται τῶν ἀναγκαίων ἐπιδ εἧς. εἰ δὲ 
ἐν τῷ Y, μισεῖται παρὰτῶν ἀδελφῶν αὐτοῦ . εἰ δὲ ἐν τῷ δ΄, μικροῦ ὄντος 
τελευτήσουσιν οἱ γονεῖς αὐτοῦ. εἰ δὲ ἐν τῷ ε΄, ἄτεκνος γενήσεται. εἰ δὲ ἐν τῷ ς΄, 
ὑγιαίνων ἔσται . εἰ δὲ ἐν τῷ ζ΄, συζευχθήσεται γυναικὶ ἀπὸ ξένης . εἰ δὲ ἐν τῷ η΄, 
τελευτήσει μεταξὺ τῶν συγγενῶν αὐτοῦ. εἰ δὲ ἐν τῷ θ΄, ἐπικτήσεται πλοῦτον ἀπὸ 
χώρας μικρᾶς. (εἰ δὲ ἐν τῶ U’,---)- εἰ δὲ ἐν τῷ ια΄, δηλοῖ φίλους, συνεργοὺς καὶ 
συγγενεῖς - εἰ δὲ ἐν τῷ ιβ΄, δυστυχὴς ἔσται. 


441 


10 


15 


20 


20 


30 


Pathways into the Study of Ancient Sciences 


APPENDIX 8 


Rome, Bibl. Angelica MS gr. 29 (E) fol. 38rv, and Vatican Library MS Vat. gr. 1056 
(v7) fol. 97v. See above at n. 198. 


Περὶ τοῦ γνῶναι τὰ περὶ τῶν ἐξουσιαστῶν, πῶς ἀποτελεσθήσονται, κατὰ τὰς 
Ἰνδικὰς μεθόδους. 


Λέγουσιν οἱ Ἰνδοὶ ὅτι ἐπὶ τῆς ἐξουσιαστικῆς καταρχῆς ἰδὲ τοὺς τριγωνοκράτορας 
τοῦ ‘HAtov καὶ τῆς Σελήνης, ἰδὲ καὶ τοὺς οἰκοδ εσπότας τῆς προγενομένης συνόδου ἢ 
τῆς πανσελήνου - καὶ εἴπερ εὕροις τοὺς τοιούτους ἀγαθυνομένους, λέγε ἀγαθὴν τὴν 
ἀπόβασιν, εἰ δὲ κακυνομένους εὕροις αὐτούς, κακὴν ἀποφαίνου τὴν ἀπόβασν. εἰ δὲ 
εὕροις τὴν Σελήνην ἀγαθυνομένην καὶ ὡροσκοποῦσαν, καλὴ ἐστιν ἡ καταρχῇή . εἰ δὲ 
εὕροις ἐν τῷ ὡροσκόπῳ ἀστέρα τινά, ἐκεῖνός ἐστι σημαντὴρ τῆς ἐξουσίας ἐκείνης . εἰ 
δέ ἐστιν ἐν τῷ μεσουρανήματι ἀστήρ, ἐκεῖνος σημαίνει τὰ περὶ τῆς ἐξουσίας . εἰ δὲ 
εὕροις ἀστέρα ἐν τῷ δύνοντι, ἐκεῖνος σημαίνει τὰ τῶν ἐχθρῶν. 

Ὁ δὲ δεύτερος τόπος σημαίνει τὰ περὶ τοῦ πλούτου αὐτοῦ, ὁ δὲ τρίτος σημαίνει τὰ 
περὶ τῶν ἀδελφῶν αὐτοῦ, ὁ δὲ δ᾽ τὰ περὶ τῆς φαμιλίας αὐτοῦ, ὁ δὲ ε΄ τὰ περὶ τῶν 
τέκνων αὐτοῦ, ὁ δὲ ς΄ σημαίνει τὰ περὶ τῶν δούλων αὐτοῦ καὶ ὑποζυγίων, ὁ δὲ ζ΄ 
τόπος σημαίνει τὰ περὶ τῶν γυναικῶν καὶ δουλίδων ἃς ἔχει εἰς κοίτην, ὁ δὲ η΄ τόπος 
σημαίνει τὸν θάνατον αὐτοῦ, ἐν ποίῳ τρόπω γενήσεται, ὁ δὲ θ΄ τόπος σημαίνει τὴν 
πίστιν αὐτοῦ, καὶ ἣν ἔχει εὐλάβειαν, καὶ ὅπως ἀναστρέφει περὶ τὴν δικαιοσύνην, ἔτι 
δὲ καὶ τὰς ἀποδημίας αὐτοῦ, ἄρα γε εὐτυχεῖς ἔσονται ἢ δυστυχεῖς, ὁ δὲ ι΄ τόπος 
σημαίνει τὰ περὶ τῆς δόξης αὐτοῦ καὶ τοῦ ἀγαθοῦ κηρύγματος ἢ τοῦ ἐναντίου, καὶ 
ὁποία ἐστὶν ἣ διάθεσις τῶν ὑπηκόων, ὁ δὲ ια΄ τόπος σημαίνει τὰ τῶν φίλων αὐτοῦ, 
ὅπως διάκεινται πρὸς ἀυτόν, ὁ δὲ ιβ΄ σημαίνει τὰ τῶν ἐχθρῶν αὐτοῦ καὶ τῶν 
βουλευομένων ἀπόστασν ποιεῖν κατ᾽ αὑτοῦ. 

Εἰ δὲ ὡροσκοπεῖ ἀστὴρ ἐν τῇ καταρχῇ καὶ ἔστιν ἀγαθοποιὸς καὶ ὑπάρχει ἐν τῷ 
iw οἴκῳ ἢ τῷ ὑψώματι ἢ TH τριγώνῳ ἢ τῷ ὁρίῳ, λέγε ἀγαθὴν εἶναι τὴν 
καταρχὴν : ἀγωνίσθητι δὲ ποιῆσαι ἐν τῷ καιρῷ τῆς καταρχῆς τὸν Δία ἑῶον καὶ 
μεσουρανοῦντα, μὴ ποίησον δὲ αὐτὸν ἀποκε κλικότα, ποίησον δὲ τὸν οἰκοδ εσπότην τῆς 
Σελήνης ἐπίκεντρον, καὶ μὴ τύχη ἀναποδίξων - εἰ γὰρ τὰ τοιαῦτα δύνῃ κατορθῶσαι, 
μεγάλη ἔσται ἡ ἐξουσία καὶ ἐπίμονος παντοίω δὲ τρόπω σπούδευσον ἵνα οἱ ἀγαθοὶ 
ὦσιν ἐπίκεντροι. κατὰ πολὺ γὰρ ἐνεργεῖ τὸ ἐπίκεντρον τῶν ἀγαθοποιῶν ἐν τῇ 
καταρχῇ - μὴ ἔστω δὲ ὁ κύριος τοῦ ὡροσκόπου ἀναποδίξζων ἢ ἐν τῷ ἰδίῳ 
ταπεινώματι - εἰ γὰρ τοιουτοτρόπως ἔσται, ὑποστήσεται ὁ ἐξουσιαστὴς ἀνάγκας ἐν τῇ 
ἐξουσίᾳ αὑτοῦ. 


1-2 tit. om. V2 {3 ante λέγουσιν add. περὶ τῆς ἐξουσιαστικῆς καταρχῆς v2 | ὅτι -- καταρχῆς 
om. V2 || 6 κεκακωμένους V2 εὕροις αὐτούς om. V2 | ἀποφαίνου τὴν ἀπόβασιν om. V2 || 7 καλλή 
V2 18 σημάντωρ V2 || 10 δύνοντι] ὡροσκόπω E || 11 B’E|7E| σημαίνει om. V2 || 12 αὐτοῦ om. 
v2 || 12 — 21 ὁ — κατ᾽ αὐτοῦ] καὶ καθεξῆς ὁμοίως τοῖς σημαινομένοις τοῦ θεματίου τόποις V2 || 
22 εἰ δὲ] εἶτα ἰδέ, καὶ εἰ V2 | καὶ ἔστιν om. V2 || 23 τῶ2.3 om. E [24 τὸν δία om. V2 | 25 μὴ — 
αὐτὸν] καὶ μὴ V2 | ποίησον δὲ τὸν] τὸν δὲ V2 || 26 τύχῃ OM. V2  ἀναποδίξοντα Ν2 | ra -- κατορθ 
ὥσαι] κατορθώσεις ταῦτα οὕτως V2 || 27 -- 29 παντοίῳ -- καταρχῇ] ἀεὶ δὲ σπεῦδε ἵνα εἰσὶν οἱ 
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ἀγαθοποιοὶ ἐπίκεντροι ὡς ἔχοντες ἐπὶ τοῖς κέντροις ἐνέργειαν ἐν ταῖς καταρχαῖς v2 1 29 ὁ δὲ 
κύριος τοῦ ὡροσκόπου μηἔστω V2 || 29 -- 30 ἐν -- ταπεινώματι] τεπεινούμενος V2 || 30 εἰ -- ἔσται 
om. V2 | post ὑποστήσεται add. γὰρ τότε V2 


APPENDIX 9 
Rome, Bibl. Angelica MS gr. 29 fol. 23. See above at n. 199. 


Περὶ τοῦ γνῶναι ἀγαθὸν ἢ φαῦλον κατὰ τὸν καιρὸν καθ᾽ ὃν ἡ ἐρώτησις - EK τῶν 
Ἰνδικῶν ἀποτελεσμάτων. 


Εἰ βούλει γνῶναι τί πάθος ἀγαθὸν ἢ φαῦλον ἐν τῷ ἔτει σου, στῆσον τὸν 
ὡροσκόπον καὶ ἰδὲ τὸν κύριον αὐτοῦ, ἐν ποίῳ τόπω ἐστῶ > καὶ εἰ μέν ἐστιν ἐν τῷ 
ὡροσκόπῳ, ἰδὲ ποῖος αὐτὸν ἐφορᾷ ἀστήρ " καὶ εἴπερ εὕροις τὸν ἐφορῶντα αὐτόν, ἰδὲ 
ποίου τόπου κυριεύει ἐκ τῶν UBS ωδίων * καὶ εἴπερ ἐστὶν ὁ ἀστὴρ ἐκεῖνος ἀγαθοποιὸς 
καὶ κυριεύει τοῦ β΄ τόπου, γενήσεται αὐτῷ κέρδος τῷ β΄ μηνί ' εἰ δὲ ἐν τῷ Ὕ τόπῳ 
ἐστίν, ὠφεληθήσεται παρὰ ἀδελφοῦ τῷ γ΄ μηνί " καὶ οὑτωσὶ ἐπὶ τῶν λοιπῶν. ἰδὲ δὲ 
καὶ τὸν ὡροσκόπον, καὶ ἐὰν ἐφορᾷ τοῦτον ἡ Σελήνη ἢ ὁ κύριος αὐτῆς, γίνωσκε ὅτι 
ἀγαθόν τι ἀποβήσεται τῷ ἐρωτῶντι περὶ τὴν τοῦ ἔτους ἀρχήν " εἰ δὲ ὁ κύριος τοῦ 
ὡροσκόπου ἐφορᾷ τὸν ὡροσκόπον, καὶ τοῦτον ἐφορᾷ ἡ Σελήνη, συμβήσεται ἀγαθὸν 
τῷ ἐρωτῶντι περὶ τὸ μέσον τοῦ ἔτους " εἰ δὲ οὔτε ἡ Σελήνη οὔτε ὁ κύριος τοῦ 
ὡροσκόπου ἐφορᾷ τὸν ὡροσκόπον, οὔτε ἀγαθὸν οὔτε φαῦλον συμβήσεται τῷ 
ἐρωτῶντι κατὰ τὸ ἔτος ἐκεῖνο. 


APPENDIX 10 


Vatican Library MS Vat. gr. 1056 fol. 208. 


Λέγουσι δὲ καὶ οἱ Ἰνδοὶ ὅτι μετὰ τὴν σύνοδον Ἡλίου καὶ Σελήνης ai ιβ wpai εἰσι 
τοῦ Ἡλίου, αἵτινες καθώς εἰσιν ἐναντίαι + ἀπὸ γοῦν τῶν τοιούτων ιβ ὡρῶν αἱ πρῶται 
δ ὧραί εἰσι πάνυ ἐναντίαι, αἱ δὲ δεύτεραι ὃ ὧραι κουφότεραι, αἱ δὲ ἕτεραι ὃ ὧραι 
κουφότεραι " εἶτα αἱ μετ᾽ αὐτὰς ἕτεραι ιβ ὧραί εἰσι τῆς ᾿Αφροδίτης καὶ ὑπάρχουσιν 
ἀγαθαί " αἱ ἕτεραι τοῦ ἙἭἍ ρμοῦ καί εἰσι μέσαι ἤγουν Kab’ ἣν ἂν ἔχη ψῆφον ὁ 
Ἑρμῆς ai ἕτεραι τῆς Σελήνης καί εἰσιν ἀγαθαί " αἱ ἕτεραι τοῦ Κρόνου καί εἰσιν 
ἐναντίαι " σημαίνουσι γὰρ βραδυτῆτα " αἱ ἕτεραι τοῦ Διὸς καί εἰσιν ἀγαθαὶ ἐπὶ πάσης 
καταρχῆς " αἱ ἕτεραι τοῦ “Apews καί εἰσιν ἐναντίαι πλὴν ἐναντιώτεραί εἰσιν αἱ τοῦ 
Ἡλώου. 
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APPENDIX 11 
Vatican Library MS Vat. gr. 1056 (V) fol. 32. 
Τοῦ 278 ἐκείνου 


Περὶ δὲ τῆς τῶν ἀπλανῶν ἀστέρων κινήσεως καὶ τῆς τούτων μερικῆς ἐποχῆς ὡς 
ἔοικεν οὐκ ἐπέστησε προσοχῇ ἀκριβῇ ὁ ἐπὶ σοφίᾳ περίδοξος Πτολεμαῖος διὰ τὸ 
τούτων δυσκίνητον ἀμελῶς πρὸς τοῦτο διατεθεὶς καὶ μὴ προσήκουσαν ἐπιδειξάμενος 
ἐπιμέλειαν . τοιγάρτοι καὶ κατ᾽ ἐνιαυτοὺς ἑκατὸν ἕκαστον τούτων ἔφη μοῖραν 
ζῳδιακὴν διέρχεσθαι " ἡμεῖς δὲ πολλοῖς ἐντυχόντες περὶ τούτου συγγράμμασιν 
Αἰγυπτιακοῖς vd .λεπτὰ δεύτερα κατ᾽ ἐνιαυτὸν ἔρχεσθαι τούτων ἕκαστον 
διαβεβαιοῦμεν. τινὲς δὲ τούτων κλιμακτῆρας εἰώθασι ποιεῖν ἐν τοῖς γενεθλίοις καί 
τινες εὐημερίας καὶ εὐτυχίας. οὐ μὴν ἀλλὰ καὶ τῷ Τελμουσῇ περὶ τούτου 
κοινολογησάμενοι καὶ τοῦτο (συμφωνοῦντες τοῖς Αἰγυπτίοις) εὑρόντες ἀληθὲς τὸ 
πρᾶγμα προφανῶς ἐπεγνώσαμεν "ὅσους δὲ καὶ ἡμεῖς τῇ συνεχῇ πείρᾳ καὶ τῷ 
μακρῷ χρόνῳ καλοποιοὺς ἐφεύρομεν καὶ κακοποιοὺς ἀπὸ παρατηρήσεως ἀκριβοῦς, 
καὶ τούτων τὰς ἐποχὰς καὶ τὰς φύσεις καὶ τὰ TAdTH καὶ τὰ μεγέθη 
καταγραψόμεθα " ἐξαιρέτως δὲ ἀναιρέτας καὶ καλοποιοὺς ἐφεύρομεν τοὺς ἐλάχιστον 
πλάτος ἔχοντας καὶ μέχρι τῶν ιβ μοιρῶν περιλαμβανόμενοι " ἔχουσι δὲ οἱ τοιοῦτοι 
οὕτως. 

Καὶ ἐπειδὴ ἐν τῇδε τῇ βίβλῳ εἰσὶ καταγεγραμμένοι οἱ τοιοῦτοι ἀπλανεῖς ἀπὸ τῆς 
βίβλου τοῦ ᾿Απομάσαρ ἄνευ τινῶν ὀλιγοστῶν, κατὰ τοῦτο περιττὸν ἡμῖν ἔδοξε 
καταγράψασθαι τούτους καὶ ἐνταῦθα, τοὺς δὲ μὴ ὄντας καταγεγραμμένους 
καταγραφύμεθα οἵἷτινες καί εἰσιν. 


ὁ κοινὸς Ἵππου καὶ Avdpouéd5as Ὕββο.κςο μέγεθος β κρᾶσις 4 Ὁ 


ὁ λαμπρὸς τῆς Πλειάδος % B Bo. 5 X κρᾶσις ὁ 
νεφελοειδῆς 
ὁ ἡγούμενος τοῦ ὥμου τοῦ W@ Avo. A μέγεθος β κρᾶσις 3 ᾧ 
"Q pleovos 
ὁ ἐπὶ τῆς κεφαλῆς τοῦ ἑπομέρυ δΦριβλβο.γὙιε μέγεθος B κρᾶσις ὅ 
Διδύμου 
ὁ αὐχὴν τοῦ Ὕδρου Que hvo.kKrX μέγεθος β κρᾶσις hai? 
ὁ ἐν τῇ ῥάχῃ τοῦ Λέοντος (κς A Bo. μέγεθος B κρᾶσις & 
B XE 
ὁ ἐπὶ τῆς ὀσφύος τοῦ Λέοντος QKO μ Bo. κρᾶσις Ke 
LY 
ὁ ἐν τῇ οὐρᾷ τοῦ Λέοντος ΪΏθ μβο.θθ μέγεθος α κρᾶσις ἢ δ 
ὁ ἐπ᾿ ἄκρας τῆς νοτίου ἀριστερᾶς 
πτέρυγος τῆς Παρθένου TM 6 κ Bo. | κρᾶσις 6 


8 διαβεβαιοῦσι V ll 9 Bathmiis = Ptolemaeus. [[21κυνὸς V 125 ὀρίωνος V. 
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APPENDIX 12 


Paris, Bibl. Nat. MS gr. 2506 (B) fols. 158v-159v. 


Περὶ τῶν ἐγκυμονουσῶν γυναικῶν, διὰ τί οἱ ἄρτιοι μὲν τῶν μηνῶν τῆς τούτων 
ἐγκυμονίας εἰσὶ κΚλιμακτηρικοὶ καὶ ἐπικίνδυνοι, οἱ δὲ περιττοὶ μᾶλλόν εἰσιν ἀγαθοὶ καὶ 
ax tvduvot + λύσις Ἰ(φ)δική. 


Θεόπτης Μωῦσῆς μετὰ τῶν ἄλλων τῶν περὶ κοομογενέσεως καὶ ταῦτά 
φησιν " καὶ ἐποίησεν ὁ Θεὸς τοὺς ἀστέρας εἰς σημασίαν καὶ εἰς καιροὺς καὶ εἰς 
ἐνιαυτούς - δῆλον ἐκ τούτου ὡς οὐδὲ ἡ τῶν ἀνθρώπων γένεσις ἢ ἑτέρου οἱονδήτινος 
τῶν γενέσει καὶ φθορᾷ ὑποκειμένων ἀμέτοχός ἐστιν τῆς τῶν ἀστέρων σημασίας " καὶ 
ἐπεὶ ὁ Ἥλιος, κἂν τὴν μέσην ἐπέχει ζώνην καὶ οὐχὶ τὴν πρώτην καὶ ἀνωτάτην, 
πρῶτός ἐστι τῶν ἄλλων Καὶ ὥσπερ τις ἀρχηγὸς καὶ ἐξουσιαστής, καὶ οἷον βασιλεὺς 
τῶν ἄλλων πάντων προτάσσεται, καθότι παρὰ τοῦ πανσόφου ἐτεύχθη δημιουργοῦ εἰς 
τὸ δι᾿ αὐτοῦ τὸ φῶς παράγεσθαι καὶ τὸ σκότος διώκεσθαι καὶ τὰ κεκρυμμένα 
φανεροῦσθαι. τούτου γὰρ εἰς τὸν ἀνατολικὸν ὁρίζοντα φθάνοντος, ἡ ἡμέρα ἀπάρχεται, 
τὸ φῶς ἐφαπλοῦται, καὶ πάντα τὰ ἀφανῇ φανερὰ γίνονται. τὰ φυτά τε τῆς γῆς δι 
αὐτοῦ φύονται καὶ ἐκ τοῦ ἀφανοῦς εἰς τὸ φανερὸν ἔρχονται, καὶ τὰ τῶν παντοδαπῶν 
δὲ ζῴων γένη πρὸς ἃς οὗτος ποιεῖται τροπὰς καὶ συλλαμβάνουσι καὶ τίκτουσι, καὶ 
καθολικῷ τῷ λόγῳ ἡ χρονικὴ ἐπὶ τούτοις ἐπικρατεῖ κατάστασις. 

᾿Αλλὰ καὶ ὅπερ ἡ τῆς γυναικὸς μήτρα ὑποδέχεται καὶ συλλαμβάνει σπέρμα ἐκ τοῦ 
ἀδήλου καὶ ἀφανοῦς εἰς τὸ δῆλον πάντως καὶ ἤδη φανερὸν ἔρχεται. διὰ τοῦτο 
προσηκόντως ὁ “Ἥλιος κυριεύει τοῦ πρώτου μηνὸς τῆς συλλήψεως, κατὰ κυκλικὴν 
δὲ περίοδον, καθὼς πραγματικῶς ὑποδειχθήσεται, ὁ τῇ αὐτοῦ ζώνῃ πλησιάζων 
Ἄρης τοῦ δευτέρου, καὶ κατὰ τὴν αὐτὴν ἀκολουθίαν ὁ Ζεὺς τοῦ τρίτου " τότε γὰρ καὶ τὸ 
ἔμβρυον σωματοῦσθαι καὶ ἀναζωοῦσθαι ἄρχεται καὶ ἄνεπαίσθητον ποιεῖται τὴν 
κίνησιν - καὶ εἰ μὲν εἰς τὸν ἐπιμερισμὸν τοῦ Διὸς ἡ κίνησις γένηται ἤτοι εἰς τὴν 
πρώτην δεκάδα, ζωογονεῖται τὸ βρέφος καὶ ἑπταμηνιαῖον τίκτεται, εἰ δὲ εἰς τὸν 
ἐπιμερισμον τοῦ Κρόνου ἤτοι εἰς τὴν δευτέραν δεκάδα, ὀκταμηνιαῖον τίκτεται καὶ οὐ 
ζωογονεῖται τὸ βρέφος ἀλλ᾽ οὐδὲ ἡ μήτηρ ἐπὶ τὸ πλεῖστον σώζεται, εἰ δὲ εἰς τὸν 
ἐπιμερισμὸν τῆς Σελήνης ἤτοι εἰς τὴν τρίτην δεκάδα ἡ κίνησις γένηται, 
ἀνεμποδίστως τὸ βρέφος τίκτεται εἰς τὸν νενομισμένον καιρὸν ἤτοι εἰς τὸν O ᾽μῆνα " ὁ 
Κρόνος πάλιν τοῦ δ᾽ μηνός, καὶ ἣ Σελήνη τοῦ ε΄, ἐν ἢ μηνοκρατορίᾳ φανερὰ καὶ 
κατάδηλος ἡ τοῦ βρέφους γίνεται κίνησις * καὶ εἰ μὲν εἰς τὸν ἐπιμερισμὸν αὐτῆς τῆς 
Σελήνης ἡ κίνησις γένηται ἤτοι εἰς τὴν πρώτην δεκάδα, ζωογονηθήσεται καὶ 
ἀβλαβῶς τὸ βρέφος τεχθήσεται, εἰ δὲ εἰς τὸν ἐπιμερισμὸν τοῦ ‘Epo’ ἤτοι εἰς τὴν 
δευτέραν δεκάδα καὶ τύχῃ τότε κεκακωμένος ὁ Ἑρμῆς, οὐκ ἀνεμποδίστως καὶ 
πάσης βλάβης χώρις ἡ ἔκτεξις γένηται, εἰ δὲ (εἰς) τὴν τρίτην δεκάδα ἤτοι εἰς τὸν 
ἐπιμερισμὸν τῆς ᾿Αφροδίτης, φυλαχθήσεται τὸ βρέφος καὶ τεχθήσεται ἀκινδύνως ἐν 
τῷ καιρῷ αὐτοῦ " εἶθ᾽ οὕτως πάλιν ὁ Ἕρμῆς κυριεύει τοῦ ς΄ μηνός, ἡ Ἀφροδίτη τοῦ 
ζ΄, διὸ τὰ ἐἑπταμηνιαῖα ἐξ ἅπαντος ζωογονοῦνται καὶ τελεσφοροῦσιν, διότι καὶ 
ἀρτιοῦται τὸ βρέφος διὰ τοῦ ζ΄ μηνὸς κατὰ τὴν τῶν ὗ ὡς δεδήλωται πλανωμένων 
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περῶδον - μετὰ τοῦτο πάλιν κατὰ τὴν ἑπτάζωνον τάξιν ὁ Κρόνος κυριεύει τοῦ N° 
μηνός, καὶ ὁ Ζεὺς τοῦ θ΄ " τότε γὰρ καὶ ὁ μέσος τῆς ἐκτέξεως δηλοῦται καὶ ἀγαθὴ ἡ 
γένεσις γίνεται " ὅτε δὲ συμβῇ καὶ τοῦ δεκάτου μηνὸς τὴν ἐγκυμονοῦσαν ἐφάψασθαι, 
ἀπλανῶς διὰ τὴν ἀδηλίαν -- λέγω τῆς κινήσεως τοῦ ε΄ μηνος -- καὶ τὸν μέγιστον 
φθάσει χρόνον " ἄλλως οὐ πολυχρόνιον γίνεται τὸ τικτόμενον εἰ μὴ κατὰ τὸν καιρὸν 
τῆς ἐκτέξεως ἀγαθοποιοὶ ὁρῶσι τὸν 'Apnv καὶ τὸν Ἥλιον : ἰδοὺ τὸ ζητούμενον 
ἐλύϑη καὶ ἐσαφηνίσθη παρ᾽ ἡμῶν τέως ἐκ τῆς τῶν πλανωμένων σημασίας, καθ᾽. ἣν 
δέδωκε γνῶσν ὁ τῶν ἁπάντων δημιουργὸς καὶ Θεός, καὶ ἡ αἰτία καθαρῶς ἐδηλώθη 
δι᾽ ἣν οἱ ἄρτιοι μῆνες τῶν ἐγκυμονουσῶν γυναικῶν εἰσι κλιμακτηρικοὶ καὶ 
ἐπικίνδυνοι. 

Ὑποδειχθήσεται δὲ τὸ τοιοῦτον κεφάλαιον καὶ ἐξ ἑτέρου τρόπου εὐλήπτως ὡς ἂν 
ἐκ δύο ἐντέχνων χρήσεων εὔδηλον καὶ καταφανὲς τὸ[ν] ζητούμενον γένηται. 

Δεῖ γινώσκειν ὅτι ὁ πρῶτος τόπος τῆς οὐρανίας διαθέσεως, ὃς καὶ ὡροσκόπος 
καλεῖται, ζωῆς καὶ πνευματικὴξ γονῆς ἐστι δηλωτικός. οὗτός ἐστιν ὁ σημαίνων τὰ 
τοῦ πρώτου μηνὸς διότι, καθάπερ ἐκ τούτου τοῦ τόπου ἡ τῶν κεκρυμμένων 
φανέρωσις γίνεται, οὕτω καὶ τὸ τοῦ ἀνδρὸς σπέρμα ἐκ τοῦ ἀφανοῦς πάντῃ καὶ ἀδήλου 
εἰς τὸ φανερὸν καὶ δῆλον ἔρχεται καὶ σωματοῦσθαι καὶ ἀναξζωοῦσθαι ἀπάρχεται. 
καθεξῆς οὖν ὁ β΄ τόπος τοῦ β΄ μηνός " καὶ ἐπεὶ οὗτος ἀργὸς τόπος ἐστὶ καὶ ἀπόστροφος 
τῷ ὡροσκόπῷ τῷ τῆς ζωῆς δηλωτικῷ καὶ ‘Adou πύλη καλεῖται, εἰκότως ἐστὶν ὁ 
τοιοῦτος μὴν ἐπικίνδυνος " ὁ γ΄ τόπος τοῦ γ΄ μηνός * καὶ διότι EEAYWVOS ἐστι πρὸς τὸν 
ὡροσκόπον, ἀγαθὸς ἐστιν, ὅτι δὲ καὶ τόπος ὑπάρχει τῆς Σελήνης (χαίρει γὰρ ἐν 
αὐτῷ), διὰ τοῦτο καὶ κατ᾽ αὐτὸν τὸν μῆνα κίνησις ἀνεπαίσθητος γίνεται " εἰ μὲν γάρ, 
ὡς προείρηται, κατὰ τὴν πρώτην δεκάδα ἤτοι εἰς τὸν ἐπιμερισμὸν τῆς Σελήνης ἡ 
κίνησις γένηται, ἑπταμηνιαῖον τὸ βρέφος τεχθήσεται καὶ ζωογονηθήσεται, εἰ δὲ εἰς 
τὸν ἐπιμερισμὸν τοῦ" Κρόνου ἤτοι εἰς τὴν β΄ δεκάδα, φθάνει εἰς τὸν η΄ μῆνα καὶ 
κινδυνεύσει, εἰ δὲ εἰς τὸν ἐπιμερισμον τοῦ Διὸς eEtTeE εἰς τὴν γ΄ δεκάδα, φυλαχθήσεται 
καὶ εἰς τὸν θ΄ μῆνα τεχθήσεται "ὁ δ΄ τόπος πάλιν τοῦ δ΄ μηνός " καὶ διότι ἐστὶν 
ὑπόγειον κέντρον καὶ ἀφανὴς τόπος καὶ τετράγωνος πρὸς τὸν ὡροσκόπον, 
ἐπικίνδυνός ἐστιν "ὁ ε΄ τόπος τοῦ ε΄ " καὶ διότι τρίγωνός ἐστι τοῦ ὡροσκόπου καὶ 
τόπος τῆς ᾿Αφροδίτης, ἀγαθός ἐστ ὁ τοιοῦτος μήν " ἐν αὐτῷ γὰρ καὶ τὸ βρέφος τὴν 
φανερὰν ποιεῖται Know " καὶ εἰ μὲν εἰς τὴν κυβέρνησιν τῆς ᾿Αφροδίτης ἥτοι εἰς τὴν 
πρώτην δεκάδα ἡ κίνησις γένηται, ζωογονηθήσεται τὸ βρέφος καὶ καλῶς 
τεχθήσεται ἐν τῷ καιρῷ αὑτοῦ, εἰ δὲ εἰς τὴν β΄ δεκάδα ἤτοι εἰς τὴν κυβέρνησιν τοῦ 
Ἑρμοῦ καὶ τύχῃ τότε κεκακωμένος ὁ ‘Epps, οὐ πάσης βλάβης χώρις ἡ γέννησις 
γενήσεται, εἰ δὲ εἰς τὴν “κυβέρνησιν τῆς Σελήνης ἤτοι εἰς τὴν τρίτην δεκάδα, 
ἀνεμποδίστως τὸ βρέφος τεχθήσεται ἐν τῷ καιρῷ αὐτοῦ "ὁ ς’ πάλιν τόπος TOD ς’ 
μηνός " καὶ ἐπεὶ ὁ τοιοῦτος ἀσύνδετός ἐστι πρὸς τὸν ὡροσκόπον καὶ τὸ ζῴδιον 
ἀπόστροφον πρὸς τὸ ὡροσκοποῦν ζώδιον, ἔστι δὲ καὶ τόπος τοῦ "Ἄρεως, καλεῖται δὲ 
καὶ τῆς νόσου τόπος, ἐναντίος ἐξ ἅπαντος καὶ κλιμακτηρικὸς ὁ τοιοῦτος μήν ἐστι καὶ 
παρὰ τῶν δοκιμωτέρων μάλιστα ἰατρῶν σφάκτης ὀνομάζεται " ὁ ζ΄ τόπος τοῦ ζ΄ 
μηνός " καὶ διότι ἀπὸ τοῦ ὑπογείου καὶ ἀφανοῦς εἰς τὸ ὑπέργειον καὶ φανερὸν ἔρχεται, 
καλεῖται δὲ ὁ τοιοῦτος τόπος ἀνθωροσκόπος καὶ ὁρᾷ πρὸς τὸν WPOOKOTOV καὶ ὁρᾷται 
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(τριγωνίξεται mapa τοῦ τρίτου τόπου, Kal παρὰ τοῦ ε΄ καὶ θ΄ ἑξαγωνίξεται τῶν 
σημαντικῶν τῶν ἀκινδύνων μηνῶν), κατὰ τοῦτο καὶ ὁ ζ΄ μὴν ἀγαθός ἐστιν, καὶ τὰ 
κατ᾽ αὐτὸν τικτόμενα ἀκινδύνως καὶ τίκτονται καὶ ζωογονοῦνται " ὁ η΄ τόπος τοῦ η΄ 
μηνός " καὶ ἐπεὶ ὁ τόπος οὗτος ἀσύνδετός ἐστι πρὸς τὸν ὡροσκόπον καὶ θανατικὸς 
τόπος ἐστὶ καὶ ὀνομάζεται, διὰ τοῦτο καὶ ὁ τοιοῦτος μὴν κλιμακτηρικὸς καὶ 
ἐπικίνδυνος " καὶ ὁ θ΄ τόπος τοῦ θ΄ μηνός + καὶ ἐπεὶ ὁ τοιοῦτος τόπος τρίγωνος τοῦ 
ὡροσκόπου ἐστίν, ὑπάρχει δὲ καὶ τοῦ Ἡλίου τόπος, διὰ τοῦτο ἐν αὐτῷ τῷ μηνὶ 
καθολῶς ἡ ἔκτεξις γίνεται, καὶ ἐκ τοῦ ἀφανοῦς τὸ βρέφος εἰς τὸ φανερὸν ἔρχεται. 
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A NEW LOOK AT MELENCOLIA I 


ponrecently reading William Heckscher’s 
τς study of Camerarius’s descrip- 
tion of Diirer’s Melencolia I, I was led to 
consider some interpretations of this enig- 
matic print (Pl. 35c) which I believe have not 
been noticed hitherto. I present them in this 
note for others more expert than I both in 
iconography and in Diirer’s art to appreciate 
or to deprecate. Certainly 1 do not pretend 
to have any evidence that these meanings 
were intended by the artist. 

The basis of the new interpretations is a 
consideration of the composition as a whole, 
whereas previously scholars have tended to 
concentrate on individual elements. Three 
linked states of being are represented in the 
print (Pl. 450) : the celestial occupies the upper 
third, including both the celestial body to the 
viewer’s left and the upper parts of the 
ladder and tower to his right; the terrestrial 
is depicted in the centre left; and an inter- 
mediate state appears in the centre right and 
lower third. The two main figures in the 
print—the block of stone and Melancholy 
herself—are located in the intermediate state. 

I begin to justify this analysis by the 
observation that the celestial body in the 
upper left quadrant of the print must be a 
star or a planet rather than the comet that 
it is usually interpreted to be. This is 
indicated by the rays extending from it in 
all directions to the limits δὲ the visual 
field. These are not, however, rays of light; 
for the presence of the rainbow, eccentric to 
the celestial body, shows that the Sun has 
not yet set but is in the west—in the direction 
from which the viewer beholds the scene— 
while the celestial body itself is rising in the 
East. The rays are rather those by which, 
according to astral magic, the planets effect 
their influence in the sub-celestial world.4 In 


1W. S. Heckscher, ‘Melancholia (1541). An Essay 
in the Rhetoric of Description by Joachim erarius , 
Jeachim Camerarius (1500-1574), ed. Ἐς Baron, Munich 
1978, pp. 31-120. 

* F.g., R. Klibansky, E. Panofsky, F. Sax], Saturn and 
Melancholy, London 1964. S 

5 The Sunis 180° from the centre of the circle of which 
the rainbow is an arc; that centre is below the horizon. 

“A doctrine first enunciated by al-Kindi (see 
M.-Th. d’Alverny and F. Hudry, ‘Al-Kindi De 
tadiis’, Archives d’histoire doctrinale, xli, 1974, Je 139- 
260); and developed by the author of the Ghdayat al- 
hakim (e.g., i 3, 1; ii 7, 1-8; and iii 5, 5 in my forth- 
coming edition of the Latin Picatrix). It has often been 
argued that Diirer received any knowledge that he 
might have had of Picatrician magic through a 
manuscript of the early version of Agrippa’s De occulta 
philosophia as found in the Wiirzburg manuscript (a 


a depiction of Melancholy, the celestial body 
emitting magical rays can only be Saturn. 
In the same plane with Saturn are two 
other celestial symbols. To the right is the 
magic square of Jupiter, whose influence 
must be combined with Saturn’s to produce 
the melancholic philosopher;* and in the 
centre hang the scales of Libra, the exaltation 
of Saturn. The upper third of the picture, 
then, represents the celestial configuration 
under which Saturn is most effective in 
producing philosophers: Saturn is rising in 
its exaltation in association with Jupiter. 
Above the frame of the print extends the 
supercelestial world, which is, quite literally, 
imperceptible to us. Into this lead the ladder 
and the tower. The latter is, as Heckscher 
shows, a House of Wisdom; more specifically, 
it symbolizes the intellectual mode of ascent 
to the supercelestial, as the ladder refers to 
ascent by faith.’ The intellectual character 
of the tower is indicated by the four objects 
hung on its exterior wall, which represent 
the external or practical aspects of the 
quadrivium. The scales represent the Arith- 
metic of weighing and measuring; the hour- 
glass the Astronomy of time-keeping; the bell 
the Music of rhythmic sound; and the magic 
square the Geometry of the lines, squares and 


facsimile is published in K. A. Nowotny, Henricus 
Cornelius Agrippa ab Nettesheym De occulta philosophia, 
Graz 1967, pp. 510-86), However, it is possible that 
Diirer may have seen a copy of the Picatrix in Italy, 
perhaps on his second journey. An indication of this 
may be the fact that he includes two Saturnine animals 
in Melencolia I, a bat and a dog; only the former is 
mentioned in the Wirzburg manuscript (fols. 17%-18" 
on Ὁ. 527 Nowotny), but the bat is Saturnine in 
Picatrix iii 8, 2, the dog in iv 1, 3 

For another representation of the rays of planetary 
influence, see ill. 97 in Klibansky, Panofsky, Saxl 
(n. 2 above). 

5 Τὸ may be objected that, because we do not nor- 
mally find Jupiter represented by his magic square or 
Libra by its scales in engravings, therefore we ought not 
to find them so represented in Melencolia I. 1 would 
rephrase this objection thus: because we do not nor- 
mally find Jupiter and Libra so represented, therefore 
we did not recognize them until some learned scholars 
pointed out to us their presence. If Diirer had expres- 
sed himself in conventional terms, the Afelencolia I 
would not have puzzled its beholders. The fact that 
the engraving is an enigma should alert us to the fact 
that Diirer meant us to use the intellectual capacity 
symbolized by Melancholia herself in attempting to 
understand the meaning of her image. Our awareness 


‘of this intention should not convince us of the correct- 


ness of any particular interpretation, but should deter 
us from relying to any great extent on the conventions 
followed by artists contemporary with Diirer to help 
us in understanding his unique creation. 

® See, ¢.g., Ficino cited in Klibansky, Panofsky, 
Saxl (n. 2 above), pp. 271--. 

* Heckscher, pp. 54-59. 
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triangles that constitute that particular object.® 

The seascape with its fringe of inhabited 
land clearly represents our sublunar world; 
the four elements are also indicated, fire and 
air above earth and water. The scene in the 
foreground, then, bounded by the block of 
stone on the left and by Melancholy herself 
on the right, lies between this world and the 
heavens. It represents those hypostases 
placed by some Neoplatonists and astral 
magicians between the spiritual and the 
material worlds, wherein, under celestial 
influence, the elements® and the human 
spiritus!® are formed. In fact, Diirer shows 
under Saturn what appears to be an inchoate 
octahedron, the second of Plato’s five perfect 
solids,“ though others have interpreted it, less 
persuasively, as a truncated cube.!?_ In one 
passage in the Timaeus (530) the second of the 
elements is earth, which possesses the two 
qualities of Saturn, dryness and cold; in 
another passage (55d) the cube is assigned to 
earth. The artist shows under Jupiter Melan- 
choly herself, the intellectual temperament 
produced by Saturn in conjunction with 
Jupiter. And under Libra sits a winged putto, 
the melancholic and philosophic native to be. 
Scattered on the ground are the tools of the 
demiurge. 

One other observation deserves to be made. 
The ladder of faith leads up into the super- 
celestial from behind inchoate matter, while 
the tower of intellect rises up behind Melan- 
choly and the unborn philosopher. 

Excursus on Rays in Diirer’s Woodcuts and 
Engravings 
In his woodcuts and engravings Diirer 


ὃ Τὸ construct this square, one begins with the 
following figure of four lines and four columns, each 
of which contains four segments. 


a) 16 15 14 194; 
7 8 | 


bf 3 2 I 

The central pairs of segments in lines (a) and (d) and 
in lines (b) and (c) are interchanged to produce the 
magic square, in which the numbers in each line, each 
column and each diagonal add up to 34 (2 x 17). 
Furthermore, each of the four squares at the corners of 
the figure contains numbers adding up to 34. The 
square of four segments in the centre also contains 
numbers adding up to 34: the outer square of numbers 
that is left after removing this central square can be 
divided into four triangles, of which each contains 
three segments. The sum of the numbers in each pair 
of opposite triangles is 51 (g x 17). Concerning the 
role of the quadrivium in the education of the perfect 
philosopher, sce, ¢.g., Picatrix ii, 1, 3. 

9 E.g., Picatrix i 7. 

10 E.g., Picatrix iv 1, τὶ 

11. Timaeus 55a. 

12 See Klibansky, Panofsky, Saxl, pp. 400-02. 


rarely uses rays to indicate natural light as 
he seldom portrays the luminous bodies 
occurring in nature. The Sun may have 
short, fiery rays as in the Crucifixion in the 
early Great Passion; and a star may have 
short rays as in the Adoration of the Shepherds 
from the Small Passion (1509), or it may have 
no rays at all as in the Adoration of the Magi 
(1511). But usually the rays in Direr’s early 
works emanate from divine beings and 
represent their visible effulgence; ¢f., among 
engravings, the Holy Family with a Buiterfly 
(1495/6), the Virgin on the Crescent (1498?), the 
Virgin and Child with St. Anne (c. 1500), Justice 
(c. 1501), the Virgin with a Starry Crown (1508), 
and Christ on the Mount of Olives (1508). 

This use of limited rays continued to the 
end of Diirer’s career. But, beginning with 
the Small Passion in 1509, Diirer also some- 
times showed the divine with unlimited rays. 
In the Small Passion itself one notes this in 
Christ Appears to His Mother, Christ at Emmaus, 
the Incredulity of St. Thomas, Christ Appears to 
Mary Magdalene, the Descent of the Holy Spirit, 
and the Last Judgment. In one woodcut of 
this series, the Annunciation, rays link God the 
Father to the Holy Spirit. Other woodcuts 
and engravings in which the divine have 
unlimited rays include the new title-page to 
the Apocalypse (1511), the title-page to the 
Life of the Virgin (1511), the Holy Trinity 
(1511), the Resurrection of Christ (1512), the 
Virgin and the Carthusian Monks (1515), the 
Virgin Suckling the Child (1519), the Virgin 
with the Child in Swaddling Clothes (1520), and 
the Virgin Crowned by an Angel (1520). This 
distinction between the short, limited rays of 
visible effulgence and the unlimited rays of 
the divine in certain contexts suggests that 
the latter represent not light rays, but rays of 
divine energy. 

In many of the depictions of the unlimited 
divine rays those rays are ‘brighter’ in three 
directions 90° apart; this is reminiscent of the 
depictions of the limited visible effulgence. 
In Melencolia I the rays emanating from the 
celestial body are unlimited; and they are 
clearly ‘brighter’ in two directions go° apart, 
just barely ‘brighter’ in the third. Within 
the context of Diirer’s symbolic use of rays, 
then, the celestial body in Melencolia I does 
not cast light rays, but rays of divine energy. 
The interpretation I have given above would 
indicate that they are, in fact, creative rays 
emanating from the Divine through the 
planet Saturn. 

Davin PINGREE 
Brown University, Providence, R.I. 
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AN ILLUSTRATED GREEK 
ASTRONOMICAL MANUSCRIPT 


COMMENTARY OF THEON OF 
ALEXANDRIA ON THE HANDY TABLES AND 
SCHOLIA AND OTHER WRITINGS OF 
PTOLEMY CONCERNING THEM 


bs ase anata H. 57. sup. (= 437)! is one of 
the few Greek astronomical manuscripts to 
contain miniatures. The manuscript consists of 
180 parchment folios, each measuring 24 cm X 
16.4 cm. The miniatures, all executed by the 
same artist, are found on the folios now num- 


ABBREVIATIONS 


CCAG: Catalogus codicum astrologorum graecorum, 12 vols., 
Brussels 1898-1954. 

Halma: l’abbé Halma, Commentaire de Théon d’Alexandrie 
(vol. 1) and Tables manuelles astronomiques (vols n—111), Paris 
1822-25. 

Tihon: A. Tihon, Le ‘Petit commentaire’ de Théon d’Alexandrie 
aux Tables Faciles de Ptolémée (Studi e testi, ccLxxxn), Vati- 
can City 1978. 

Tihon List: ‘Liste des textes anonymes cités,’ Tihon, 
PP. 359-369. 

Tihon Scholia: A. Tihon, ‘Les scolies des Tables Faciles de 
Ptolémée,’ Bulletin de l'Institut Historique Belge de Rome, 
XLII, 1973, Pp. 49-110. 

1 Described most recently in Tihon, pp. 88—go, in whose 
edition of Theon it is denoted B. See also A. Martini and 
D. Bassi, CCAG πὶ, 17 (describing fols 14)“ - 175) and Cata- 
logus codicum graecorum Bibliothecae Ambrosianae, Milan 1906, 
Pp. 527-30; cf. P. Revelli, 1 codici ambrosiani di contenuto 
geografico, Milan 1929, p. 87, no. 208; M. L. Gengaro, 

. Leoni, G. Villa, Codici decorati ὁ miniati dell’Ambrosiana: 
Ebraici ὁ graeci, Milan 1958, p. 234; and R. Cipriani, Codici 
miniati dell’Ambrosiana, Milan 1968, p. 60. 


Journal of the Warburg and Courtauld Institutes, Volume 45, 1982 


bered 1, 97, 106, 113”, 116", 121, 121, and 125”. 
However, the folios of the manuscript were not 
originally bound in their present order. This 
fact is indicated by the quire numbers, which 
are entered in the upper right margin of the 
recto of the first leaf in each quire and in the 
centre of the lower margin of the last leaf; each 
quire (except 19) consists of eight folios. The 
quires with the present foliation are: 1-14 = fols 
I-112; 15 = fols 172-179; and 16-21 = fols 
113-162 (quire 19, fols 137—146, consists of ten 
folios). Fol. 163 seems to be an extra leaf — 
probably the original guard leaf; and the final 
quire, fols 164-171, though written by the orig- 
inal scribe of the rest of the manuscript, is not 
numbered and seems to be a later addition. Fol. 
180 is a guard leaf taken from another manu- 
script. 

At the bottom of fol. 180 are two chronologi- 
cal notes in a hand different both from that of 
the original scribe of fol. 180 and from those of 
the scribes of fols 1-179; these notes are “κατὰ τὸ 
Gan ἔτος παρὰ Ἕλλησιν an’ ᾿Αλεξάνδρου ἀρχῆς 
wey εὑρέϑη᾽; and “κατὰ δὲ τὸ crus ἔτος παρ᾽ 
Ἕλλησιν ἀπ᾽ ᾿Αλεξάνδρου ἀρχῆς awed ἐστίν᾽. 
The dates of these notes, A.D. 1431/1432 and 
1437/1438, probably indicate that the manu- 
script was bound in its present order with the 
guard leaf fol. 180 before the 1430s. 

The date at which the original scribe wrote is 
indicated by several notes in the manuscript. 
Three marginalia written on fol. 21” by that 
original scribe mention the date A.D. 1357/1358 
as though it were current. They are: ‘xat’ ἀρχὴν 
τοῦ ςωξς ἔτους εἰσὶν ἔτη ἀπὸ ἀρχῆς Φιλίππου 
Ῥωμαϊκὰ αχπα΄; “κατ᾽ ἀρχὴν τοῦ ςωξς ἔτους ἔτη 
ἀπὸ Διοκλητιανοῦ aod’; and κατὰ τὸ ςωξς ἔτος 
ἔτη ἀπὸ Αὐγούστου πέμπτου ἔτους ατπβ᾽. 
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Furthermore, the κανὼν βασιλέων on fols 66-67 
originally ended with the two entries:? 
᾿Ανδρονίκου τοῦ Παλαιολόγου ς axxB 

Ἰωάννου τοῦ υἱοῦ αὐτοῦ vB αχξὸ 


These rulers are Andronicus III (1328-41; 
crowned co-Emperor in 1325) and John V 
(1341-91). The dates in the last column, given 
in Era Philippi, correspond to 1299 and 1341; 
the first is obviously an error. The regnal years 
in the second column belong to the preceding 
ruler. John VI, who ruled from 1347 to 1354, is 
not mentioned, as John V was the sole occupant 
of the throne in 1358. 

A second scribe has added to the κανὼν 
βασιλέων the entries: 
Μανουὴλ ὁ υἱὸς αὐτοῦ he xi 
*Iadvvov τοῦ υἱοῦ αὐτοῦ xB αψκα 


These rulers are Manuel II (1391-1425) and 
John VIII (1425-48). The second column con- 
tains the correct regnal years of these two 
Emperors. The years in column 3 are computed 
by adding these regnal years to the previous 
entries in column 3; since the last preceding 
entry, 1664 Era Philippi, is the first year of the 
reign of John V, it was obvious nonsense to add 
to it the regnal years of Manuel II. In any case, 
the second scribe wrote after 1448. 

A third hand has added below these the 
entries: 
Κωνσταντίνου τοῦ ἀδελφοῦ αὐτοῦ 
καὶ ὁ ᾿Αμηρᾶς ὁ Μουράτ 


Ύ «ψκὸ 


These rulers are Constantine XI (1449--52) and 
the Ottoman Murad II (1421-44 and 1446-51). 
It seems likely that these entries were made in 
1451, shortly after Murad II’s death in Febru- 
ary; Constantine XI’s third regnal year had 
begun in January. 

A fourth hand has added in the appropriate 
columns after Murad II:‘ty ,awat,’ and in the 
margin: “μῆνες γ ἕως Αὐγούστον᾽. The explana- 
tion of this cryptic note is found in the first of 
three notes that the same fourth scribe has 
written on fol. 163, which was probably the 
guard leaf of the manuscript in its original state. 
This note mentions the date 29 May 1466, the 
fourteenth indiction, and states that there are 
three months until the ‘whole’ of August — 1.e. 


2 Tihon, p. 89 n. 4, who may well be right, states that the 
regnal years from Leo VI (who is the first entry on fol. 67) to 
John V were written by the second scribe, who also added 
the names of Manuel II and John VIII, and that a fourth 
scribe wrote the name of Murad II; this is not apparent 
from the prints available to me. 


until 29 August = 1 Thoth. The author also 
identifies the Amir Murad with Muhammad II 
the Conqueror (1451-81); 1466 was thirteen 
years after the fall of Constantinople. 

The note is (I have retained the scribe’s 

orthography but added capitalization and 
punctuation): 
Tov ἀπὸ ᾿Αδὰμ ἐτῶν καϑὼς ἐν τοῖς βίβλοις τῶν Ἰου- 
δαίων γράφονται ἕως πάντων τῶν Κριτῶν καὶ ἕως Ἰλὴ 
τοῦ ἱερέως ἕναι χρόνοι δτνε᾽ ὁμοίως καὶ ἐν τοῖς ἀστρο- 
νομικοῖς βιβλίοις εὑρίσκονται οὕτως ἐν ταῖς κε ετηρί- 
δαις. οὐ γὰρ τοῖς αὐτοῖς ὀνόμασι χρόνται οἱ Ἕλληνες 
ὥσπερ οἱ Ἰουδαῖοι, ἀλλὰ ἀπὸ Ναβονασάρου ἕως τέλους 
τῶν βασιλέων, ἕως Αὐγούστου καϊἴΑννα καὶ Καϊαφᾶ 
καὶ Πιλάτου, ἀπὸ δὲ τῆς σταυρώσεως τοῦ Χριστοῦ ἕως 
ὅδε ἰνδικτιῶνος ιδ, Αὐγούστου μηνός. ἀπὸ δὲ Ἰλὴ τοῦ 
ἱερέως ἕως τοῦ Χριστοῦ ἕναι χρόνοι aevy, ἀπὸ δὲ τῆς 
σταυρώσεως ἕως Μουράτου τοῦ ᾿Αμηρᾶ τοῦ τὴν πόλιν 
ἑλώντος ἕναι χρόνοι. ἀπὶ Μαίου κϑ ἡμέρας αὖξς μῆνες 
Υ ἕως ὅλου Αὐγούστου, ιδ ἰνδικτιῶνος εἰσὶν ἔτη ςλοδ. 
λοιποὶ ἕως ἵ κς. 


The final sentence, which mentions the year 
A.D. 1491/1492, remains inexplicable as the 
phrase “ἕως ὅδε ἱνδικτιῶνος 16, Αὐγούστου 
μηνός᾽ seems clearly to indicate that the scribe 
wrote in August 1466. 

We may conclude, then, that the original 
manuscript was copied in 1358, and that a 
series of owners for the next century added to it, 
rearranged it, and annotated it. It is likely that 
the manuscript was copied in Byzantium, and 
remained there while these changes and addi- 
tions were being made to it. There is no absolute 
proof for this supposition in the manuscript 
itself, but itis known that the texts in Ambrosia- 
nus H. 57. sup. were copied in part from 
Laurentianus 28, 7;? and that manuscript can 
be shown to be Constantinopolitan. I shall first 
present the evidence for the dating and localiza- 
tion of Laurentianus 28, 7, and then demons- 
trate the relation between the two manuscripts. 

Laurentianus 28, 74 is a manuscript of 179 
unnumbered paper folios, each measuring 29.1! 
cm X 19.9 cm. Its date is indicated by a note on 
fol. 32” which refers to the current year A.D. 


1343/1344: 


3 For the Ambrosianus’s dependence on the corrected 
state of the Laurentianus in Theon, and on another source, 
see Tihon, pp. 96-100; for its partial dependence on the 
Laurentianus in Ptolemy’s Introduction to the Handy Tables 
and Hypotheses see J. L. Heiberg, Claudii Ptolemaei Opera 
astronomica minora, Leipzig 1907, pp. X and CLXxvu, and vu! 
and CLXIX-CLXx. 

* Described most recently in Tihon, ΒΡ go-91. See also 
A.M. Bandini, Catalogus codicum mss. Bibliothecae Mediceae 
Laurentianae, Florence 1764-70, vol. τι, p. 16, and A. Olivieri, 
CCAG, 1, 3 (description of fols 146-175). 
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Ὅπως εὑρίσκειν Set ἑκάστην τοῦ μηνὸς ἡμέραν, ποία 


ἡμέρα της ἑβδομάδος ἐστίν. 
Λαμβάνομεν τὰ ἀπὸ τοῦ τρίτου ἕτους τῆς α ἰνδικτιῶ- 


νος τῆς Ἡρακλείου βασιλείας μέχρι τοῦ προκειμένου, 
οἷον ςωνβ Etouc ἀπὸ κτίσεως κόσμου μετὰ καὶ αὐτοῦ 
τοῦ ἐνισταμένου, καὶ τούτων λαμβάνομεν τὸ ὃ, καὶ 
προστίϑεμεν αὐτῷ, καὶ ἀφαιροῦμεν ἕν. εἶτα λαμβάνομεν 
τὴν τοῦ μηνὸς ἡμέραν κατὰ ᾿Αλεξανδρεῖς, καὶ προστί- 
ϑεμεν αὐτοῖς καὶ τὸ τῶν μηνῶν ἀπὸ Θὼϑ πλῆϑος --- καὶ 
διπλασιάζομεν καὶ προστίϑεμεν καὶ αὐτό. καὶ ἀπὸ τῶν 
οὕτω συναχϑέντων ἀφαιροῦμεν ἑπτάδας, καὶ τὰς éva- 
πολειφϑείσας ἐλάττονας τῶν ἑπτὰ κατέχομεν ‘olov, εἰ 
μὲν μία ἐστί, πρώτη εἰ δὲ β, δευτέρα εἰ δὲ τρεῖς ἢ δ, τρίτη 
ἢ τετάρτη καὶ πέμπτη εἰ πέντε᾽ καὶ ἑξῆς. <t>a ἀπὸ 
κτίσεως κόσμου ἔτη μέχρι τοῦ τρίτου ἔτους τῆς Ἡρακ- 
λείου βασιλεας cous. 


This is based on chapter 28 of Stephanus of 
Alexandria’s (or the Emperor Heraclius’s) 
commentary on the Handy Tables.5 

The place in which Laurentianus 28, 7 was 
probably copied is indicated by the long text on 
fols 178°—179 on determining for a given locality 
the altitude of the Sun on each day of the year. 
The example used is ἡ βασιλὶς τῶν πόλεων, 
whose latitude is given as 43;12°, which is the 
latitude of Byzantium in Ptolemy’s Geography.® 
That the manuscript probably remained in 
Byzantium is shown by a note, apparently in 
the corrector’s hand, in the margin of fol. 23: 
“οἷον ὡς ἐν Βυζαντίῳ πολλαπλασίαζε τὰς καταχ- 
ϑείσας ἐπὶ τὸν te. εἶτα ἐκ τῶν γινομένων ἀφαίρει 
τὰ [τὰ] τῆς ὀρθῆς σφαίρας ἑξηκοστά, ἔτι δὲ καὶ 
τὴν διάστασιν τῶν μοιρῶν. καὶ τὰ ἐναπολειφ- 
ϑέντα μέριζε αὖϑις παρὰ τὸν ιε καὶ γίνονται ὧραι 
ἰσημεριναί᾽. Thus it is most probable that the 
Ambrosianus was executed in Byzantium. 

The scribe who copied Ambrosianus H. 57. 
sup. arranged his material by quires: 


I quires 1-5 = fols 1-40. Θέωνος ᾿Αλεξαν- 
δρέως εἰς τοὺς Προχείρους κανόνας τῆς 
«ἀστρονομίας» ἐξήγησις. Since this work 
ended on fol. 40, the rest of that leafand its verso 
contain scholia. 

1 quires 6-8 = fols 41-64. Κλαυδίου Πτολε- 
μαίου Σαφήνεια καὶ διάταξις τῶν Προχείρων 
κανόνων τῆς ἀστρονομίας, καὶ ὅπως χρηστέον 
αὐτοῖς μέϑοδος ἐναργής on fols 45-54“. Fols 
41--44“ contain a continuation of the scholia on 
fols 40-40’, and fols 54’—58 contain another set 
of scholia on the Handy Tables. Then comes 


5 Halma m, 101; H. Usener, ‘De Stephano Alexandrino’, 
id., Kleine Schriften, 1, Leipzig-Berlin 1914, pp. 247-322, 
esp. 311-12, 

III 11, 5in C. F. A. Nobbe, Claudii Ptolemaci Geographia, 
1, Leipzig 1898, p. 188. 


Κλαυδίου Πτολεμαίου Ὑποϑέσεων τῶν πλανω- 
μένων on fols 58"-65", thus continuing on to the 
first leaf of quire 9. 

ΠῚ quire 9 = fols 65-72. The κανὼν βασιλέων 
on fols 66-67 and the κανὼν ἐπισήμων πόλεων on 
fols 68-72. Fol. 67” is blank, and fol. 72” con- 
tains only the skeleton of a table. 

IV quires 10-19 = fols 73-112, 172-179, and 
113-146. The Handy Tables. 

V quires 20-21 = fols 147-162. Ἰωάννου 
γραμματικοῦ ᾿Αλεξανδρέως περὶ τῆς ἀστρολάβου 
χρήσεως on fols 147-150΄. Μέϑοδος ἑτέρα τοῦ 
ἀστρολάβου on fol. 159“--162. Fol. 162”, which 
was Originally blank, was later partially covered 
with a Χρησμὸς εἰς tov τῆς Πελοποννήσου ἰσϑμὸν 
εὑρεϑὺς ἐν Ῥόδῳ 

VI quire <22> = fols 164-171. The κανὼν 
βασιλέων on fols 164-164’, the κανὼν ὑπατῶν on 
fols 165-168, and the πόλεις ἐπίσημοι on fols 
168°—171”. 


The contents of at least groups 1, 1, and Iv 
were largely copied from Laurentianus 28, 7, 
though with some additions and rearrange- 
ments. I list below the contents of Laurentianus 
28, 7 with the corresponding folios of Ambrosia- 
nus H. 57. sup (= A) and references to Halma, 
to Tihon List, and to Tihon Scholia.” 
fols 1-29”. @éwvoc ᾿Αλεξανδρέως εἰς τοὺς Προχείρους 

arte τῆς ἀστρονομίας ἐξήγησις ἢ παράδοσις. A 

ols 1--40. 
fols 29“--20. Τρόπος ἐξαναλόγου πρὸς τὰς τῶν ἀστέρων 

ἐπισκέψεις. Tihon List 96. A variant version is 

found on A fol 40”, entitled Ἑ ρμηνεία tot ἐξαναλό- 

you. Tihon List 22. This is close to Halma 111 59-60, 

which is ascribed to Isaac Argyrus. 
fol. 30. Ἰστέον ὅτι τὴν μίαν μοῖραν .. . A fol. 41. 
fol. 30". Περὶ τοῦ ἐξαναλόγου τῆς ta<v> ὁριζόντων 

κύχλων καταγραφῆς. A fols 41-41". Tihon List 76. 
fols 30°—31. Οἷον ὑποδείγματος χάριν... A fols 41°—42. 
fol. 31. Εἰ ϑέλεις εὑρίσκειν πόσας ἔχει ἰσημερινὰς... . A 

fol. 42. Tihon List 21. 
fol. 31. Ὅτι καϑ᾽ Ἕλληνας ἀπὸ κτίσεως κόσμου ... A 

fol. 44“. Tihon List 75. 
fol 31”. Ei ϑέλεις εὑρίσκειν πόσαι ὦραί εἰσιν ἰσημεριναὶ 

... A fols 42-42’. Tihon List 20. 
fol. 31”. El βούλει εὑρίσκειν ἀπὸ τῶν Αἰγυπτιακῶν 

μηνῶν τούς te Ἑλληνικοὺς καὶ Ῥωμαϊκοὺς μῆνας... 

A fol. 42“. Tihon List 16 (which includes the next 

item). 
fol. 41“. Ὅταν ϑέλῃς εὑρεῖν τοῦ κατ᾽ Αἰγυπτίους ἐνισ- 

ταμένου Etouc τὴν ἀρχὴν... A fol. 42”. 


7 Partial inventories of the Handy Tables preserved in these 
two manuscripts are given by Heiberg, op. cit. n. 3 above 
ΡΡ. cxcvi—cxcvu1 (Laurentianus, fols 50-106) and cc 
(Ambrosianus, fols 66~73” and 164-172). 
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fol. 41“. Δεῖ εἰδέναι ὅτι ἐὰν μὲν αἱ ὁριζόμεναι ἀπὸ 

μεσημβρίας ὧραι ἐν ἑτέρᾳ πόλει... . A fol. 44“. Tihon 
ist 0. 

[015 31°-32. Ὅπως διὰ τοῦ κανόνος τοῦ ἐξάρματος 
ἔστιν εὑρίσκειν ἑκάστου τόπου τὸ μέγεϑος τῆς 
μεγίστης ἡμέρας. A fols 42"-43. 

fols 32-32”. Οἷον ἐπὶ ὑποδείγματος... . A fol. 43”. 

fol. 42“. Ἰστέον ὅτι ὅταν τὸ πλάτος τῆς πόλεως ἐκείνης 
...A fol. 43”. 

fol. 32’. Ὅπως εὑρίσκειν dei ἑκάστην τοῦ μηνὸς ἡμέραν, 
ποία ἡμέρα τῆς ἑβδομάδος ἐστίν. 

fols 33-40. Κλαυδίου Πτολεμαίου Σαφήνεια καὶ διάτα- 
Euc τῶν Προχείρων κανόνων τῆς ἀστρονομίας, καὶ 
ὅπως χρηστέον αὐτοῖς μέϑοδος ἐναργής. A fols 
45-54". 

fol. 4ο “Περὸτ xn>Qo08fcews ἢ ἀφαιρέσεως 
«-τῆς» (οὕτως. A fol. 54”. Tihon Scholia τι. 

fol. 40”. «Τοῦ ξῳδιακοῦ ἐπὶ τοῦ O. A fol. 54". Tihon 
Scholia 111. 

fols 40°-41. <’E>mni δὲ τῆς ἀρχῆς τῆς 4. A fol. 55. 
Tihon Scholia rv. 

fol. 41. <’"E>ni τῆς Καρδίας τοῦ &. A fol 55". Tihon 
Scholia v. = 

fol. 41“ «- Ἐ;»πὶ δὲ τῶν λοιπῶν ὃ. A fol. 55”. Tihon 
Scholia νι. 

fol. 41-48. Κλαυδίου Πτολεμαίου Ὑπόϑεσις τῶν 
πλανωμένων. A fols 58-65”. 

fol. 48". Blank. After this probably came three quires 
containing the tables found on A fols 66—91; there 
is now no trace of them. 

fol. 49. Περὶ tov Ἡλίου. A fol. 91“. Tihon List 68. 

fol. 49. Περὶ τῆς Σελήνης. A fols g1°—g2. 

fols 49-49". Περὶ τῆς ϑέσεως τοῦ κέντρου tov ἐπικύ- 
κλου (. A fol. 92. 

fol. 49". Περὶ τῆς ϑέσεως τοῦ κέντρου (. A fols 92-92”. 

fol. 49" Περὶ τῆς ϑέσεως τοῦ βορείου πέρατος (. Α fol. 

ὡς 

τὲ 50-50". Κανὼν εἰκοσιπενταετηρίδων Ἡλίου καὶ 
Σελήνηςδ (to 1726 Era Philippi = a.p. 1404). A fols 
93-93". Halma τι 66-68. 

fol. 51. Κανὼν ἁπλῶν ἐτῶν Ἡλίου καὶ Σελήνης. A fol. 
94. Halma 1: 70. 

fol. 51“. Κανὼν μηνῶν Αἰγυπτίων Ἡλίου καὶ Σελήνης. 
A fol. 94”. Halma 1 72. 

fol. 52. Κανὼν ἡμερῶν Αἰγυπτίων Ἡλίου καὶ Σελήνης. 
A fol. 95. Halma 1 74. 

fol. 52”. Κανὼν ὡρῶν ἀπὸ μεσημβρίας Ἡλίου καὶ 
Σελήνης. A fol. 95”. Halma τι 76. 

fol. 53. Κανὼν τῶν τῆς ὥρας μορίων Ἡλίου καὶ 
Σελήνης. A fol. 96. 

fol. 53”. Κανὼν τῶν τῆς ἰσημερινῆς ὥρας μερῶν. A fol. 
96’. 

fol. 54. Κανὼν ἀνωμαλίας λέγεται διότι... . A fol. 96”. 

fol. 54. Οἱ κοινοὶ ἀριϑμοὶ τῶν ὁμαλῶν... . A fol. 96” 

fol. 54. Τὸ τρίτον σελίδιον περιέχει... . A fol. 96”. 


8 In the following I give the titles of the tables in the form 
in which they occur in A; there are only very minor variants 
in the Laurentianus. For the structure and use of the tables 
see O. Neugebauer, A History of Ancient Mathematical Astro- 
nomy, Berlin-Heidelberg-New York 1975, pp. 969-1028. 


fols 54-56". Κανὼν ἀνωμαλίας rai (. A fols 97-99v. 
Halma τὶ 78-88. 

fol. 57. Κανὼν Ἡλίου λοξώσεως καὶ Σελήνης πλάτους. 
A fol. 100. Halma I 144. 

fols. 57°-58. Κανὼν Ἡλίου λοξώσεως κατὰ μονομοιρί- 
av. A fols Ιοοΐ-Ἰοιὶ. 

fols 58°—59. Κανὼν Σελήνης πλάτσυς κατὰ povoporol- 
av. A fols 101’—102. 

fol. 59“. Ἐξήγησις τῶν δύο κανόνων tov te Ἡλίου ἀπὸ 
ἰσημερίας καὶ τοῦ ἐξάρματος τοῦ πόλου καὶ τῆς ὑπ- 
εροχῆς τῶν ὡρῶν. A fol. 102”. Halma m1 144-145. 

fol. 59”. Κανὼν Ἡλίου ἀπὸ ἰσημερίας. A fol. 103. 
Halman 92. 

fol. 60. Κανὼν ἐξάρματος πόλου καὶ ὡρῶν ὑπεροχῆς. A 
fol. 103”. Halma1 132. 

fol. 60°—61. Skeletons of tables. 

fol. 61“. Κανὼν σεληνιακῶν ἐκλείψεων. A fol. 104. 
Halma 1 go. 

fol. 62. Κανὼν ἡλιακῶν ἐκλείψεων. A fol. 104”. Halma 


II go. 
fol. 62. Κανὼν μεγέϑους Suai (. Α fol. 104”. Halma πὶ 


94. 
fol. 62”. Προκανόνιον. A fol. 105. Halma1 146. 
fol. 63. Ὁριζόντων καταγραφή. A fol. 105”. Halma m1 


43. 

fol. 64"-64. Παράλλαξις κλίματος πρώτου τοῦ διὰ Μερ- 
ons. A fol. 106-106". Halma 11 98. 

fol. 64°65. Παράλλαξις tov διὰ Συήνης δευτέρου κλί- 
ματος. A fols 107-107". Halma 11 100. 

fols 65°66. Παράλλαξις τοῦ διὰ τῆς Κάτω χώρας γ΄ 
κλίματος. A fols 108—108". Halman 102. 

fols 66°67. Παράλλαξις τοῦ διὰ Ῥόδου τετάρτου κλί- 
ματος. A fols το9-1ορ΄. Halma 11 104. 

fols 67-68. Παράλλαξις τοῦ δι᾽ Ἑλλησπόντου ε΄ κλίμα- 
τος. A fols 110-110", Halma 1 106. 

fols 68°-69. Παράλλαξις τοῦ διὰ μέσον Πόντου ς΄ κλίμα- 
τος. A [0]5111--|11΄. Halma πὶ 108. 

fols 69"--7γο. Παράλλαξις τοῦ διὰ Βορυσϑένους ἑβδόμου 
κλίματος. A fols 112-112”. Halma 11 110. 

fols 70.—71. Παράλλαξις τοῦ διὰ Βυξαντίου παραλλή- 
λου. A fols 172-172". Halma 1! 194. 

fol. 71’. Περὶ τῆς ἐποχῆς τῆς Καρδίας τοῦ Λέοντος. A 
fol. 174. Tihon List 58. 

fol. γι“. Περὶ τῆς τοῦ Κρόνου ἐποχῆς. A fol. 173. 

fols γ1“-- 2. Περὶ τοῦ Διός. A fols 173-173". 

fol. 72. Περὶ τοῦ "Ageos. A fols 174-174. 

fols 72—72”. Περὶ τῆς ᾿Αφροδίτης. A fol. 174. 

fol. 72”. Περὶ τοῦ Ἑρμοῦ. A fols 174-174". 

fol. 72”. Ἰστέον ὅτι τὸ μέσον ἀπόστημα... .. A fol. 174”. 

fols 73-74". Κανὼν εἰκοσιπενταετηρίδων τῶν € 
ἀστέρων (to 1726 Era Philippi = Α.Ὁ. 1403). A fols 
175-176". Halma 11 112-118. 

fols 75-75". Κανὼν ἐτῶν ἁπλῶν τῶν πέντε ἀστέρων. A 
fols 177-177". Halma "Π| 120-122. 

fol. 76. Κανὼν Αἰγυπτίων μηνῶν τῶν πέντε ἀστέρων. A 
fol. 178. Halma 1" 124. 

fols 76°-77. Κανὼν ἡμερῶν Αἰγυπτίων τῶν πέντε 
ἀστέρων. A fols 178"--ἰ 79. Halma πὶ 126--128. 

fols 77"--78. Κανὼν ὡρῶν ἀπὸ μεσημβρίας τῶν πέντε 
ἀστέρων. A fols 179" and 114. Halma πὶ 130-132. 

fols 78°-81. Κανὼν ἀνωμαλίας Κρόνου. Α fols 
113°—116. Halma 1 134-144. 
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fols 81°84. Κανὼν ἀνωμαλίας Διός. A fols 116-119. 
Halma τὶ 146-156. 

fols 84°-87. Κανὼν ἀνωμαλίας “Ageos. A _ fols 
119-122. Halma 1 158-168. 

fols 87°—-go. Κανὼν ἀνωμαλίας ᾿Αφροδίτης. A fols 
122°—125. Halma 1 170~180. 

fols go’-93. Κανὼν ἀνωμαλίας ‘Eouot. A  fols 
125-128. Halma τὶ 182-192. 

fol. 93’. Κανὼν Κρόνου βορείου πλάτους. A fol 128”. 
Halma m1 1. 

fol. 94. Κανὼν Κρόνου νοτίου πλάτους. A fol. 12 
Halma πὶ 2. 

fol. 94”. Κανὼν Διὸς βορείου πλάτους. A fol. 129”. 
Halma πὶ 3. 

fol. 95. Κανὼν Διὸς νοτίου πλάτους. A fol. 130. Halma 
III 4. 

fol. 95”. Κανὼν “Ageos βορείου πλάτους. A fol. 130”. 
Halma m1 5. 

fol. 96. Κανὼν ἼΑρεος νοτίου πλάτους. A fol. 131. 
Halma πὶ 6. 

fol. 96". Κανὼν ᾿Αφροδίτης βορείου πλάτους. A fol. 
131°. Halma m1 7. 

fol. 97. Κανὼν ᾿Αφροδίτης νοτίου πλάτους. A fol. 132. 
Halma πὶ 8. 

fol. ογ΄. Κανὼν Ἑρμοῦ βορείου πλάτους. A fol. 132”. 
Halma 111 9. 

fol. 98. Κανὼν Ἑρμοῦ νοτίου πλάτους. A fol. 133. 
Halma πὶ ro. 

fol. 98’. Κρόνου κανὼν στηριγμῶν. A fol. 133”. Halma 
UI IT. 

fol. 99. Διὸς κανὼν στηριγμῶν. A fol. 134. Halma πὶ 


12. 

fol. 99“. “Ageos κανὼν στηριγμῶν. A fol. 134”. Halma 
Il 13. 

fol. 100. ᾿Αφροδίτης κανὼν στηριγμῶν. A fol. 135. 
Halma 1m 14. 


ν 


fol. roo”. Κανὼν ‘Eguot στηριγμῶν. A fol. 135”. 
Halma m1 15. 

fol. 101. Κρόνου κανὼν φάσεων. A fol. 137. Halma ΠῚ 
16~17. 

fol. ror’. Διὸς κανὼν φάσεων. A fol. 137% 
18-19. 

fol. 102. “Ageos κανὼν φάσεων. A fol. 138. Halma πὶ 
20-21. 

fols 102°—103. ᾿Αφροδίτης κανὼν φάσεων. A fols 
138°—139. Halma m1 22-25. 

fols 103°—104. Ἑρμοῦ κανὼν φάσεων. A fols 139°—140. 
Halma πὶ 26—29. 

fol. 104°. Κανὼν φάσεων τῶν πέντε ἀστέρων ἐπὶ tov διὰ 
Βυζαντίου παραλλήλου. A fol. 140”. Halma πὶ 
32-33. 

fol. 105. Φάσεων ἀποστάσεις πρὸς τὸν ἀκριβῆ Ἥλιον 
τῶν πέντε ἀστέρων. A fol. 141. Halma 1Π go. 

fol. 105". 9 καὶ δ᾽ στοι ἀποστάσεις. A fol. 141°. 
Halma πὶ 32. 

fols 106—108". Ἐποχαὶ ἀπλανῶν ἀστέρων μέχρι Sexa- 
μοιριαίου πλάτους καὶ μεγέϑου δ΄. A fols 142-145”. 
Halma 111 44--58. 
The rest of Laurentianus 28, 7 was not used 

by the scribe of Ambrosianus H. 57. sup, but I 

continue to catalogue its contents for the sake of 


completeness. 


. Halma m 


fol. 10g. A world map. Published by Neugebauer.® 

fols rog’—111". Blank. 

fols 112-144". Πρόκλου Διαδόχου Πλατωνικοῦ Ὑπο- 
τύπωσις τῶν ἀστρονομικῶν ὑποϑέσεων. This is 
manuscript LS in the edition by Manitius,*° which 
he places 1 in the second family of his second class. 1! 

fols 144°-145". "Ex tov Γεμίνου περὶ ἐξελιγμοῦ = 
Geminus, Εἰσαγωγή 18. This manuscript is L in 
the edition by Manitius, ? H in that by Aujac.’3 

fols 146-147”. Originally blank, but a later scribe has 
written on fols 146’.-147 a poem to the Virgin 
which begins: 


«Δὸς τῷ στρατηγῷ τῶν βροτῶν ὑπερμάχῳ. 


fols 148-172". Παύλου ᾿Αλεξανδρέως Εἰσαγωγὴ εἰς τὴν 
ἀποτελεσματικήν. This ish i in the edition by Boer, '* 
who places it in her class y.* 

fols 174-177“. Ῥητορίου τς καὶ ἐπίλυσις περί τε 
τῶν προειρημένων δώδεκα ζῳδίων καὶ περὶ ἑτέρων 
διαφόρων ἐκ τῶν ᾿Αντιόχου Θησαυρῶν = Epitome 11 
b of Ἀπείοτγιυ5.6 This is manuscript ἃ in the 
edition by Boll.17 

fol. 178. Tables of the weekdays with which Roman 
months begin in the 28 years of a Solar cycle, and 
of the weekdays with which Arabic months begin 
in a 30-year intercalation cycle. 

fols 178°-179. <E>t βούλει γνῶναι ἐν οἷἱῳδηποτοῦν 
we xad’ ἑκάστην ἡμέραν πόσας μοίρας ὑψοῦται ὁ 

Τίποη List 15. 
fol. 179”. Blank. 


The sections of Ambrosianus H. 57. sup. that 
were derived from another source than Lauren- 
tianus 28, 7 or from parts of that manuscript 
that are now lost are: 


fols 40-40". Ψῆφος τῆς κατὰ μῆκος Σελήνης. Tihon List 
61. Edited by Zuretti.'® 

fols 43°-44”. Περὶ μεταβολῆς τῶν καιρικῶν ὡρῶν πρὸς 
τὰς ἐν ᾿Αλεξανδρείᾳ μεσημβρινὰς καὶ πρὸς ἰσημερ- 
was ὥρας καὶ πρὸς ὁμαλὰ νυχϑήμερα. Halma m 
60-62. 


fol. 44" (after Tihon List 9). 
τὰς ὥρας. 
fol. 56. Ἐπὶ τῶν βουλομένων. Tihon Scholia vu. 


Meta δὲ τὸ διακριϑῆναι 


90. Neugebauer, ‘A Greek World Map’, Hommages a 
Claire Préaux, Brussels 1975, pp. 312-17. 

10K. Manitius, Procli Diadochi Hypotyposis astronomicarum 
positionum, ee 1909, p. VIII. 

11 Ibid., p. xx1 

12K. Mapitiues Gemini Elementa astronomiae, Leipzig 1898, 


. XIE. 

13 G. Aujac, Géminos. Introduction aux phénoménes, Paris 1975, 
pp. XCVIII—XCIX. 

14 FE. Boer, Pauli Alexandrini Elementa apotelesmatica, Leipzig 
1958, p. vu. 

15 Ibid., p. xi. 

16D. Pingree, ‘Antiochus and Rhetorius’, 
ology, LXXII, 1977, Pp. 203-23, esp. 209-10. 
17 F. Boll, ‘Rhetonii uaestiones ae aes ex Antiochi 
thesauris excerptae’, CAG 140-6 

18 C_O. Zuretti, CCAG XI, 2; 119-14. 


Classical Phil- 
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fol. 56’. Ἐὰν βούλῃ ποιῆσαι. Tihon Scholia vin. 

fol. 56’. Περὶ τῆς τοῦ Κυνὸς ἐπιτολῆς ὑπόδειγμα. Tihon 
Scholia rx. 

fol. 56”. ᾿Απὸ συνόδου ἐπὶ σύνοδον. Tihon Scholia x. 

fol. 57. Περὶ ἀνέμων ἀπὸ χειρός. Tihon Scholia x1. 

fol. 57. Εὑρεῖν πότερον ἡ 4 ἐπὶ (O ἔρχεται ἢ ἐπὶ πᾷ ἢ 
ἀπὸ (Ὁ ἐπὶ x (, Tihon Scholia xn. 

fol. 57. Ta τοῦ O σημεῖα ἐν ταῖς παραλλάξεσι λαμβά- 
νομεν τὸν τρόπον τοῦτον. Tihon Scholia xu. 

fol. 57". Ἐπὶ τῶν φάσεων. Tihon Scholia χιν. 

fols 66-67. Κανὼν βασιλέων. Ended originally with 
John V (1341-1391). Halma1 139-142. 

fol. 67". Blank. 

fols 68-72. Κανὼν ἐπισήμων πόλεων. Similar to the 
catalogues published by Honigmann from Vatica- 
nus graecus 129119 and Leidensis graecus 78.29 

fol. 72”. Skeleton for geographical table. 

fol. 73. Τὰ ἑξηκοστὰ τῶν ὡρῶν tv τῇ ὀρϑῇ σφαίρᾳ 
κείμενα... Apparently added by the third scribe. 

fol. 73. Εἰδέναι χρὴ ὅτι ἡ διαφορὰ τῆς τῶν ὡρῶν παρ- 
αυξήσεως. Apparently added by the third scribe. 

fol. 73. Ὅτι δὲ peta τὸ πρῶτον ἔτος τοῦ Φιλίππου. 
Apparently added by the third scribe. 

fols 73°-75. Κανὼν ἀναφορῶν ὀρϑῆς σφαίρας. Halmat 
148-154. 

fols 75°-77. Κανὼν ἀναφορῶν τοῦ διὰ Μερόης πρώτου 
κλίματος. Halma π 2--8. 

fols 77"--29. Κανὼν ἀναφορῶν τοῦ διὰ Συήνης δευτέρου 
κλίματος. Halma 1 10—16. 

fols 79°—81. Κανὼν ἀναφορῶν tot διὰ τῆς Κάτω χώρας 
τρίτου κλίματος. Halma 1 18--24. 

fols 815-84. Κανὼν ἀναφορῶν τοῦ διὰ Ῥόδου τετάρτου 
κλίματος. Halma 1 26--42. 

fols 83°-85. Κανὼν ἀναφορῶν τοῦ δι᾽ ἙἭ λλησπόντου 
πέμπτου κλίματος. Halma π 44--40. 

fols 85°-87. Κανὼν ἀναφορῶν τοῦ διὰ μέσου Πόντου 
ἕκτου κλίματος. Halma 11 42-48. 

fols 87°89. Κανὼν ἀναφορῶν tot διὰ Βορυσϑένους 
ἑβδόμου κλίματος. Halma 1 50--56. 

fols 89“΄-οἱ. Κανὼν ἀναφορῶν τοῦ διὰ Βυζαντίου 
παραλλήλου. Halma τι η8-64. 

fols 136-136". Skeletons of tables. 

fol. 146. Skeleton for star catalogue. 

fol. 146’. Blank. 

fols 147-147". Ἰωάννου γραμματικοῦ ᾿Αλεξανδρέως 
τοῦ Φιλοπόνου Περὶ χρήσεως τοῦ ἀστρολάβου. πί- 


ναξ. 

fols 147°-159". Ἰωάννου γραμματικοῦ ᾿Αλεξανδρέως 
Περὶ τῶν τῆς ἀστρολάβου χρήσεως γεγραμμένων 
ἕκαστον τί σημαίνει. Edited by Hase.?? 

fols 159“--1[62. Μέϑοδος ἑτέρα τοῦ ἀστρολάβου. Edited 
by Hase.?? 


19 E. Honigmann, Die Sieben Klimata und die πόλεις ἐπίσημοι, 
Heidelberg 1929, pp. 194-208. 
20 Tbid., pp. 211-24. 
21 Joannis Alexandrini cognomine Philoponi, de Usu astrolabit 
eiusque constructione libellus, ed. H. Hase, Rheinisches Museum, 
vi, 1839, pp. 127-71 (Spezial-ausgabe, Bonn 1839). 
bid. 


fol. 162”. Χρησμὸς εἰς τὸν τῆς Πελοποννήσου ἰσϑμὸν 
εὑρεϑὺς ἐν Ῥόδῳ. Added by the third scribe? 
Edited by Bodnar.? 

fol. 163. Τῶν ἀπὸ ᾿Αδὰμ ἐτῶν... Added by the fourth 
scribe. 

fol. 163. Τὰ ἀπὸ ᾿Αδὰμ ἕως τῶν ὅλων Κριτῶν ... 
Added by the fourth scribe. 

fol. 163. Ὁμοίως λέγει καὶ ὁ Ἰωσηπὸς tv τῶ τῆς ἁλώ- 
σεωςλόγῳ. .. Added by the fourth scribe. 

fol. 163”. Blank. 

fols 164-164". «Κανὼν βασιλέων». Begins with i- 
λιππος ὁ peta ᾿Αλέξανδρον τὸν κτίστην, and ends 
with Leo VI (886--οΙ2).29 Halma 1 149-142. 

fols 165-168. Table of Consuls. Halma m1 120-134. 
Also edited, from Leidensis graecus 78, by 
Usener.?5 

fols 168-171". Geographical table. Similar to that 
on fols 68-72. 


Thus, aside from rearranging the scholia fol- 
lowing the text of Theon in the Laurentianus, 
the scribe of the Ambrosianus has added three 
more pieces; he has also included more of the 
scholia that follow Ptolemy’s commentary. He 
has, of the Handy Tables themselves, a more 
complete copy, including the royal canon, the 
geographical table, and the tables of right and 
oblique ascensions; but these may have for- 
merly been included in the Laurentianus. An 
additional quire written by the first scribe of the 
Ambrosianus contains a second, incomplete 
royal canon; the table of consuls; and a second 
geographical table. Finally, quires 20-21 con- 
tain two works on the astrolabe. 

But the designer of the Ambrosianus, who 
evidently had a wealthy patron, planned to add 
another feature — illustrations. The first folio 
(Pl. 30), with the incipit of Theon, was 
obviously intended by the scribe to be illumi- 
nated. The scribe left no space for other illustra- 
tions in the manuscript, but the illustrator has 
added representations of the seven planets in 
the lower margins of selected pages (Pls 31-33); 


23 E. W. Bodnar, ‘The Isthmian Fortifications in Oracular 
Prophecy’, American Journal of Archaeology, Lx1v, 1960, 
pp. 165-71. This is Bodnar’s long version, probably com- 
posed between c. 1435 and 1445. 

24 As, ¢.g., in Vaticanus graecus 1291 fols 16"--17, as 
continued; see F. Boll, ‘Beitrage zur Ueberlieferungsge- 
schichte der griechischen Astrologie und Astronomie, Sit- 
zungsberichte der Bayerischen Akademie der Wissenschaften, 
Phil.-hist. K]., Munich 1899, pp. 77-139, esp. 113 and 115. 
The royal canon in this manuscript has been re-examined 
by I. Spatharakis, ‘Some Observations on the Ptolemy MS. 
Vat. Gr. 1291: its Date and the Two Initial Miniatures’, 
Byzantinische Zeitschrift, Lxx1, 1978, pp. 41-49, who shows 
that the manuscript was copied during the reign of Theo- 
philus (828-42). 

25 H. Usener, ‘Fasti Theonis Alexandrini’, in Chronica min- 
ora, ed. T. Mommsen, vol. m, (Monumenta Germaniae His- 
torica, Auctores antiquissimi, x11), Berlin 1898, pp. 359-81. 
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since the mean motion tables in the Handy Tables 
are arranged for combinations of planets (the 
Sun and the Moon together in one set of tables 
on fols 93-95’, and the five star-planets in 
another set of tables on fols 175-179” and fol. 
113), the illustrator chose those tables where at 
least the five star-planets appear separately — 
that is, the equation tables. Therefore, the Sun 
and the Moon are depicted on fol. 97 (PI. 31), 
the first page of their equation table; Saturn on 
fol. 113” (Pl. 32a), the first page of its equation 
table; Jupiter on fol. 116% (Pl. 420), the first 
page of its equation table; Mars on fol. 121 
(Pl. 32c), the fourth page of its equation table; 
Venus on fol. 122” (Pl. 32d), the first page of its 
equation table; and Mercury on fol. 125” 
(BL 33b), the first page of its equation table. 
The planets are represented as naked (except 
for Mars) humans (the Moon and Venus 
female, the rest male) sitting on or carrying the 
symbols of the zodiacal signs that are their 
astrological houses, exaltations, and, in some 
cases, dejections. The illustrator has also shown 
an astronomer using a parallactic instrument® 
on the lower margin of fol. 106 (Pl. 33a, c), the 
first page of the parallax tables. 


DESCRIPTIONS OF THE ILLUSTRATIONS27 


fol. 1 (Pl. 30). Scene at top: Bearded astronomer, 
tonsured, wearing long, dark brown robe with 
cowl, standing, facing right, in front of long, nar- 
row building with snake on roof; holds astrolabe(?) 
with bent alidade at height of chest in left hand; 
ray extends from celestial body (Sun?) to end of 
alidade. Field of stars in upper right, with Sun(?) 
in upper right corner; disc, perhaps of Moon, to its 
left. Tonsured amanuensis wearing red robe, 
seated, facing left, to right of astronomer. 

To right and left of text and below it: some 
northern constellations. To right, Draco (with 
three stars on either side); at bottom, Ursa (four 
central stars of constellation above and below it); 
and to left, Ophiuchus with snake’s tail. 

fol. 97 bottom (PI. 31). To left: Sun as a naked man 
riding on a lion (Leo: its house) and a ram (Aries: 
its exaltation). 

To right: Moon as a dark, naked woman sitting 
on a crab (Cancer: its house) and holding in her 
lap a bull (Taurus: its exaltation). The tail of 
Scorpio (its dejection) may also appear. Four stars 
around the picture. 


26 Almagest 5, 12 in J. L. Heiberg, Claudii Ptolemaei Syntaxis 
mathematica, 2 vols, Leipzig 1898—1903. 

27] should like especially to thank J.-M. Massing for 
having scrutinized the photographs of these illustrations 
and saved me from many blunders. 


fol. 106 bottom (Pl. 33a, c). Tonsured astronomer, 
kneeling on right knee, facing right; observes 
ray-projecting Moon through diopter on upper 
arm of parallactic instrument while holding dis- 
connected lower arm with left hand. 

fol. 113” bottom (Pl. 32a). Saturn as a naked man 
riding on a goat (Capricorn: its house) and a 
stooping man pouring water from a pot (Aquarius: 
its house); the two wear a yoke (Libra: its exalta- 
tion) on their necks. Saturn’s right hand rests on 
the two heads of a standing, naked two-headed 
man who elsewhere (fol. 125”) represents Gemini. 
One expects instead to find a symbol of Aries, 
Saturn’s dejection; perhaps Gemini was substi- 
tuted because in it lies Saturn’s perigee. 

fol. 116% (Pl. 420). Jupiter as a naked man sitting on 
two fish facing in opposite directions (Pisces: its 
house) and on a centaur holding a bow in his right 
hand (Sagittarius: its house). Below his feet is a 
crab (Cancer: its exaltation). In his lap he holds a 
ram, which normally signifies Aries; here it is 
presumably a mistake for Capricorn, Jupiter’s 
dejection. 

fol. 121 bottom (Pl. 32c). Mars as a warrior in 
armour with a sword in his right hand, sitting on a 
ram (Aries: its house) and holding in his lap a 
scorpion (Scorpio: its house) and a crab (Cancer: 
its dejection). His feet rest on a goat (Capricorn: its 
exaltation). 

fol. 122” bottom (Pl. 32d). Venus as a naked woman 
sitting on a bull Paurus: its house) which has a 
yoke on its back and neck (Libra: its house). Her 
left foot rests on two fish facing in opposite direc- 
tions (Pisces: its exaltation); she herself may repre- 
sent Virgo, Venus’s dejection. 

fol. 125" bottom (PI. 8} Mercury as a naked man 
carried on the shoulders of a naked woman (Virgo: 
its house and exaltation) and a naked, two-headed 
man (Gemini: its house) .?® 


Davin PINGREE 
Brown UNIVERSITY, PROVIDENCE, R.I. 


II 


EDITORIAL NOTE 


One of the Editors’ aims in publishing Professor 
Pingree’s description of MS H. 57. sup. in the 
Biblioteca Ambrosiana is to encourage discus- 
sion of the interesting problems raised by its 
illustrations. Having shown photographs of 


28 Greek, Arabic and Slav occasionally use the word for 
twin in the singular to mean a pair. For other two-headed 
men as Gemini, see, e.g., F. Saxl and H. Meier, Verzeichnis 
astrologischer und mythologischer illustrierter HSS., m1, HSS. in 
englischen Bibliotheken, ed. H. Bober, London 1953, p. 268, 
PI. LXxxvV, ill. 218; and H. Bober, this Journal, x1, 1948, 
pl. 4a. 
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these to a number of scholars in various fields 
without being able to persuade any of them to 
commit themselves to print, they have decided 
on an unconventional expression of gratitude. 
Some of the experts’ comments have been incor- 
porated into the text of Part I; others, with 
Professor Pingree’s response to them, have been 
combined into the ensuing layman’s amalgam. 
Any inaccuracies and faults of emphasis are 
inadvertent and the responsibility of the Edi- 
tors. 

There is no doubt, on the evidence of the 
script, that the codex could have been written in 
Constantinople in 1357-58. It is in the style 
associated with the Hodegoi scriptorium over a 
period of about half a century.?? Western con- 
nexions of this scriptorium are not apparent. If 
they existed they would be more likely at this 
time to have been with Venice than with 
Southern Italy. 

The consensus of opinion is that the style of 
the miniatures is basically Western, though 
with an admixture of Byzantine elements. Isla- 
mic tradition lies behind the curious icono- 
graphy, in which the planets are shown with 
their day- and night-houses, exaltations and 
dejections: this is seldom, if ever, found in the 
West. No immediate model has been located in 
an admittedly cursory search. An artist active 
in Southern Italy or Sicily may be indicated by 
the mixture of Italian and French styles. It is 
not impossible that an artist of, say, the Neapo- 
litan school was working in Constantinople in 
the mid-fourteenth century — a time when 
others (Barlaam of Seminara, for example) 


29 L. Politis, ‘Eine Schreiberschule in Kloster τῶν ‘Odny- 
av’, Byzantinische Zeitschrift, L1, 1958, pp. 17-36, 261-87. 


travelled freely between that city and Italy. No 
artist answering to this description can, how- 
ever, be securely documented in Constaninople 
at this time. Nor can it be assumed that the 
manuscript was decorated in the same place as 
it was written: the illustrations may be later 
additions. Indeed, they look very much as if 
they are. Neapolitan connexions are suggested 
by parallels in the illustrations of the Bible 
moralisée in the Bibliothéque nationale in Paris 
(MS fr. 9561), ascribed by both Bologna and 
Meiss to Naples in the mid-fourteenth 
century.?° A Byzantine background is also indi- 
cated by similarities with the illustrations in 
later manuscripts of Leo the Wise.3! None of 
these parallels can be regarded as close. The 
ribbon decoration on the initial H (fol. 1") is ofa 
simplified type resulting from a fusion of Greek 
elements with Western forms of a kind com- 
monly found in Italo-Greek initials in Southern 
Italy during the fourteenth century. The treat- 
ment of ascenders and horizontals derives ulti- 
mately from Carolingian and post-Carolingian 
initials of the type described by Garrison as 
‘hollow-shaft’, and the four-lobed, four-leaved 
medallions at the intersection of ascenders and 
horizontal are Byzantine in character. The 
small palmettes of simplified form at the angles 
of the text on fol. 1067 (Pl. 33a) have relations 
with the ‘stile carminato’ of Basilian manu- 
scripts of the fourteenth century, but are here 
perhaps more reminiscent of Bolognese or even 
of Bolognese-derived work. 


30 F, Bologna, 1 Pittori alla corte angioina di Napoli, 1226-1414, 
Rome 1969, pls vu - 56, 67, 73; M. Meiss, French Painting in 
the Time of Jean de Berry: The Late Fourteenth Century and the 
Patronage of the Duke, London 1967, pp. 27-29. 

31 Irmgard Hutter, Corpus der Byzantinischen Miniaturenhand- 


schriften, τι, Stuttgart 1978, figs 573, 579. 
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. tea of Up “Se Boearg εις Ὑ > ar P τῷ Oe whence EM in ἐν 
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David E. Pingree 
Plato’s Hermetic Book of the Cow 


Near the beginning of his Disputationes adversus astrologiam divinatricem Pico 
della Mirandola mentions (1) «the books of Plato concerning the Cow (which) the 
magi cause to circulate [...] filled with execrable dreams and figments». This paper 
presents an attempt to define the origins — in part Neoplatonic — of the execrable 
dreams contained in the Book of the Cow, to explain how its magic works in tandem 
with its gemellus, the celestial magic of the Picatrix generally so much more familiar to 
historians of Renaissance Neoplatonism, and finally-to examine what little evidence 
there is for the popularity of this text during the Renaissance. 

The Syrian city of Harran has long been associated with occult events (?) — if 
not from the time that Abraham was brought there from Ur of the Chaldaeans as 
recorded in Genesis (3), at least from about 550 B.C. when the last of the Chaldaean 
kings, Nabonidus, dreamed that Marduk ordered him to rebuild Ehulhul, the temple 
of Sin, the god of the Moon, at Harran. In order to make this restoration possible, 
Marduk employed Cyrus the Persian — the eventual obliterator of Nabonidus’ feeble 
power and of the ancient kingdom of Babylon — as his instrument to destroy the 
army of Medes who were besieging the city (ἢ. 

A millennium and a half after the jubilant re-installation of the Moon in his 
temple Harran was still in ferment with the occult sciences, with some elements 
derived from Babylon, some from Sasanian Iran, and some. from Western and 
Southern India, while others came from the Greeks, and especially the 
Neoplatonists (°). In the ninth, tenth, and eleventh centuries the planets and the 
noetic hierarchy of Neoplatonism were still being worshipped in Harran with rituals 
of mixed Mesopotamian, Zoroastrian, Indian, and Hermetic origins. The Sabians’ 


(') Pico della Mirandola, Disputationes adversus astrologiam divinatricem, ed. by E. Garin, 2 vols., Fi- 
renze 1946-1952, vol. I, p. 64. 

(2) The most useful collection of the Arabic traditions concerning Harran remains D. Chwolsohn, 
Die Ssabier und der Ssabisrmus, 2 vols., St. Petersburg 1856. 

(Ὁ) Genesis, 11, 31-12, 4. 

(‘) Translated by A. Leo Oppenheim, The Interpretation of Dreams in the Ancient Near East, Philadel- 
phia 1956, p. 250; see also pp. 202-203. For another auto-biographical account of Nabonidus’ dream see 
A. L. Oppenheim in J. Pritchard, The Ancient Near East, Princeton 1969, pp. 562-563. 

( D. Pingree, Some of the Sources of the Ghiayat al-hakim, in «Journal of the Warburg and Cour- 
tauld Institutes», XLIII (1980), pp. 1-15; Indian Planetary Images and the Tradition of Astral Magic, ibidem, 
52, 1989, pp. 1-13; and C. S. F. Burnett, Arabic, Greek, and_Latin Works on Astrological Magic Attributed 
to Aristotle, in Pseudo-Aristotle in the Middle Ages, London 1986, pp. 84-96. 
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study of the χόσμος, of the νοῦς, of the φυχή, and of σώματα, however, was based not 
only on Plato’s Republic, Timaeus, and Laws, but as well on an Aristotelian corpus 
familiar to students of the Neoplatonic schools at Alexandria and at Athens; Ibn 
al-Nadim in his Fihrist (6) quotes al-Sarakhsi (7), a pupil of al-Kindi, as citing their use 
of the Physics, the De Caelo, the De generatione et corruptione, the Meteorology, the De 
anima, the De sensu et sensato, and the Metaphysics. We shall see that other Platonic 
and Aristotelian works as well as some of those already mentioned provided the 
intellectual background to the Book of the Cow. The Harranians investigated the 
relations between the heavens and the sub-lunar world through the medium of 
astrology, for the correct practise of which they, like Proclus, plunged into the 
intricacies of Ptolemy’s Σύνταξις and ᾿Αποτελεσματιχά among many other texts, 
including Hermetic, Sasanian, and Indian. 

: Out of this rich mixture of intellectual traditions, the Harranians in the latter 
half of the ninth century — by then calling themselves Sabians and proclaiming 
Hermes to be their prophet in order to gain the approval of the Islamic authorities (6) 
— created the astral magic that is summarized in such confusion in the Ghayat 
al-hakim (5) and in its Latin translation, the Picatrix (!°). This astral magic is based on 
Neoplatonic cosmology, astrology, and Harranian worship of the planets. It seeks, 
through rituals in part suggestive of the Hermetic art of the vivification of 
statues (1!), performed at astrologically propitious times, to persuade the souls of the 
planets whom God has placed in charge of his material creation to send their 
subordinate spirits to occupy talismans. These latter are thereby empowered to effect 
changes in this sublunar world. This is a non-demonic form of magic that relies for its 
effectiveness on the powers granted by God to the planets and on those inherent by 
nature in corporeal substances and in the magician’s rational soul. 

But at the same time the Harranians invented another form of magic based on 
quite different principles. The procedures of this magic were described in a work 
called in Arabic the Kitab al-nawamis (12), the Book of the Laws, where nawamis is the 
plural of the Arabic transliteration, ndmds, of the Greek νόμος. Like the other Περὶ 
νόμων it was claimed to have been written by Plato. It is known now primarily 
through a Latin translation made in Spain in the twelfth century under the title Liber 
aneguemis (3), where aneguemis (sometimes corrupted into meumich) is based on a 


(6) Kitab al-fihrist, ed. by G. Fliigel, 2 vols., Leipzig 1871-1872, vol. I, pp. 319-320. 

(?) F. Rosenthal, Ahmed b. at-Tayyib as-Sarapsi, New Haven 1943, pp. 49-50. 

(8) See, e.g., D. Pingree, The Thousands of Abu Ma ‘shar, London 1968, p. 10. n. 2. 

(9) Pseudo-Magriti. Das Ziel des Weisen, ed. by H. Ritter, Leipzig 1933; translated into German as 
«Picatrix» Das Ziel des Weisen von Pseudo-Magriti, ed. by H. Ritter and M. Plessner, London 1962. 

(1°) Picatrix. The Latin Version of the Ghayat al-Hakim, ed. by D. Pingree, London 1986. 

(11) See, e.g., D. Pingree, Some of the Sources..., cit., pp. 13-14. 

(12) See F. Sezgin, Geschichte des arabischen Schrifttums, vol. IV, Leiden 1971, pp. 98-99; and M. UI- 
Imann, Die Natur- und Geheimwissenschaften im Islam, Leiden 1972, p. 364, which is very inadequate and 
incorrect. Most useful of anything published “up till now is P. Kraus, Jabir ibn Hayyan, 2 vols., Le Caire 
1943-1942, vol. II, pp. 104-105; see also his notice on Jabir’s Kitab al-nawamis wa al-rudd ‘ala Iflatun, in 
vol. I, pp. 152-153. 

(3) The description by L. Thorndike, History of Magic and Experimental Science, vol. II, New York 
1923, pp. 777-782 and 809-810, is both inaccurate (e.g., he thinks that Ibn al-Jazzar’s De proprietatibus 
that precedes the Liber aneguemis in several manuscripts is a part of pseudo-Plato’s work), and, while titil- 
lating, trivializing. 
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Latin transliteration of the Arabic a/-nawamis. The Latin translation is also known as 
the Liber institucionum activarum and the Liber vacce or Book of the Cow, the title 
under which Pico della Mirandola referred to it; it is presumably called the Book of 
the Cow in commemoration of its first experimentum, which we shall soon describe. 

The Book of the Cow is first cited in a Latin work by William of Auvergne, in 
the 1220’s, and a copy was in the library assembled at Amiens by Richard of 
Fournival in the 1240’s (14. Though alongside some quotations given by Jabir and 
others I am certain of only one small fragment of the Arabic original containing three 
suffumigations described near the beginning of the first of the two books of the Kitab 
al-nawamis (5), there still exist twelve manuscripts of the Latin version, some 
‘complete and some containing just excerpts, upon which my edition will be based. 
These manuscripts were copied between the early thirteenth century and the late 
fifteenth century. The Latin was also rendered into Hebrew in the fourteenth 
century, and of this Hebrew translation one copy exists, in a Munich manuscript (1°) 
that also contains a Hebrew version of the Picatrix. 

The Book of the Cow itself says nothing of the philosophical and scientific 
theories that justify its bizarre prescriptions. I shall attempt to remedy that lack in 
this paper, at least in part; and to identify some of the Platonic, Aristotelian, and 
Harranian elements that contributed to the rather wild φαντασία of its unknown 
author. I begin by quoting the equally unidentified author of the Ghayat al hakim, 
who was laboring in Spain in the twelfth century with materials largely derived from 
Harran. He describes the two books of the Kitab al-nawamis thus (17): 


As for (our) teacher (and) leader, Plato, I have seen two books by him. The name of 
one of them is the Greater Book of the Laws, and the name of the second is the 
Smaller Book of the Laws. In the greater book he speaks of effecting by means of 
images abominable things like walking on water; causing the appearance in whatever 
shape you may wish of the forms of composite animals which are not found in the 
world; causing -rain to fall at a time unseasonable for its falling, or causing it to be 
obstructed at a time (proper) for its falling; making meteors, shooting stars, and lights 
appear in the sky, lightning-bolts to descend at unseasonable times, and the ships of 
one’s enemies or whatever one wishes at a great distance to burn; walking in the air; 
causing the stars to rise at unseasonable times, and seeing them when they have fallen 
from their heavenly places to the center of the earth; conversing with the dead; 


(4) Ὁ. Pingree, The Diffusion of Arabic Magical Texts in Western Europe, in La diffusione delle scienze 
islamiche nel medio evo europeo, Roma 1987, p. 80. 

(5) This is found on ff 104-105 of Paris BN arabe 2577, wherein it follows a copy of the Hermetic 
Kitab al-ustawatas. Both the Bodleian manuscript (Ouseley 95, ff. 150v. 544.) to which Sezgin refers and 
the British Library manuscript (Or. 12070, ff. 17-32v.) to which Ullmann refers contain a different text, 
entitled Jawami‘ al-maqalat al-thalath li-Iflatun fi al-nawamis. This is clearly identical with the Kitab al-na- 
wamis li-Iflatun found in Leiden MCCCCXXX (Golius 169). In the Bodleian manuscript it is said to have 
been translated by Hunayn ibn Ishaq; this may, then, be the ‘translation’ of Plato’s Laws by Hunayn to 
which the Arabic bibliographers refer. P. Kraus (op. cit., vol. I, p. 182) refers to some excerpts on pp. 387 
sqq. of a manuscript in the possession of Muhammed Amin al-Khangi’s bookstore in Cairo in 1937; I am 
not aware of the present location of this manuscript. A sentence from it is cited by P. Kraus, op. cit., vol. 
II, p. 105 n. | 

(6) Munich Hebrew 214, which contains the Picatrix on ff. 46-101 and Ibn al-Jazzar’s De proprietati- 
bus followed by pseudo-Plato’s Liber vacce on ff. 102-104; see D. Pingree, The Diffusion..., cit., pp. 71-72. 

(17) Ghaya, in Pseudo Mafriti, cit., p. 147, ed. by H. Ritter; see also Picatrix, cit., II xii 59, ed. by 
D. Pingree. 
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dividing the Sun and the Moon into separate parts; causing sticks and ropes to appear 
as serpents and snakes which devour whatever they come upon; and traversing great 
distances over the earth in as short a time as the twinkling of an eye. All of this (is 
accomplished) by means of the effects of images, the employment of spiritual powers, 
and the implanting of their powers in the motionless forms which consist of elemental 
substances so that they become moving spiritual (forms) (imstituciones active) 
producing marvellous effects and actions with which you are not familiar. 


According to the Ghdya, then, the method of Platonic magic is to implant 
spiritual powers — that is, souls — in material bodies so that they may move; for, 
according to the genuine Laws of Plato (18), soul «is the cause of change and of all 
motion for all things». By means of these newly ensouled forms or images the 
magician can effect what he will; the actual effect will depend upon the type of soul 
that is implanted, and upon the type of material into which it is implanted. 

The Ghdya’s list of the effects described in the Kitab al-nawamis — and they are 
all found therein — is quite representative of that text; they are either cosmic, 
transforming, at least in appearance, the heavenly bodies and the earth’s atmosphere, 
or they are such miracles as occur in the Old Testament (Moses’ turning a staff into a 
snake), in the New Testament (Jesus’ walking on water), or in Classical Greek 
literature (Socrates’ walk in the air in Aristophanes’ Clouds and Archimedes’ burning 
mirrors). But there are many other effects as well, such as that of creating artificially 
rational and irrational animals, an achievement that the author of the Ghéya 
mentions later on in the paragraph from which I have been quoting. In connection 
with these last operations for creating living beings he also cites the Kitab al-tajmi‘ or 
Book of Putting Together ascribed to Jabir ibn Hayyan,: and composed in Syria in the 
early tenth century (19). 

This text, which has been brilliantly analyzed by Kraus (2°), does indeed deal 
with the artificial generation of rational and irrational animals. In it man’s τέχνη 
imitates the Demiurge’s φύσις in bringing about a union of soul and body. The Kitab 
al-tajmi‘ teaches how to apply this principle of imitation to the artificial generation 
of plants, animals, and men, each of which, of course, is characterized by one of 
Aristotle’s three types of soul: plants by the nutritive (τὸ θρεπτικόν), animals by the 
sensitive (τὸ αἰσθητικόν), and man by the rational (τὸ Stavontixdv) (21). Jabir names as 
his chief source for the doctrine and methods of artificial generation the Kitab 
al-tawlid (Περὶ γεννήσεως) of Porphyrius the Syrian; though no such work is known to 
have been written by Porphyry. Kraus (2) is able to demonstrate a strong 
Neoplatonic, including a Porphyrian, influence on Jabir’s magic, even though 
Porphyry may never actually have claimed that it is possible for man to create 
rational animals by artificial means. 

Jabir, on the other hand, justifies the possibility of creating irrational animals by 


(18) Plato, Laws, 896, a5-b1, 

(19) See P. Kraus, op. cit., vol. I, pp. 95-97. As part of the collection of Kutub al-mawazin he (vol. I, 
p. LXV) would date it to the beginning of the tenth century. Excerpts from the Kitab al-tajmi‘ were edi- 
ted by P. Kraus on pp. 341-391 of his Jabir ibn Hayyan. Textes choisis, Paris-Le Caire 1935. Ὁ 

(2°) P. Kraus, op. cit., vol. II, pp. 97-134. 

(2!) Aristotle, De anima, 414a29-414b19. 

(2) P. Kraus, op. cit., vol. II, pp. 122-134. 
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citing the ancient theory of the spontaneous generation of insects, of small reptiles, 
and of rodents from the putrefaction of corpses. While presenting several other 
examples he states that (23): 


serpents, especially black serpents, are born of hairs placed in a glass vessel, the glass 
vessel being considered the mother and the hairs the father. [...] As for scorpions, 
they are born in basilic confined in a glass vessel. 


The second experimentum is described in greater detail in the Ghaya (24): 


For making deadly green scorpions. One should fast for one day, and at the end of 
the day chew the leaves of wild basilic, bind what was chewed in a glass tube, seal its 

. mouth, and hang it in a dark, damp room which sunlight never enters. After forty 
days green scorpions will be born in it which, if they sting a man, will kill him. 


In these two examples the imagery is clear; the material inserted into the glass 
vessel or tube represents the semen of the male animal while the vessel itself is the 
womb in which the embryo gestates. Note that the semen is here as artificial as is the 
womb; this is one major difference between the normal Jabirian technique of artificial 
generation and that of the Book of the Cow, which employs real semen. Another 
difference is that, in the experiments described in the Kitab al-tajmi‘, the female’s 
nutritive blood generally plays no role. This is not always the case in Jabir’s book; 
shortly after the experiments that have just been quoted he speaks thus of 
spontaneous generation: 


Hornets are born from highly decomposed flesh, that is, of a corpse, and maggots 
from the flesh of a slaughtered [animal]. The reason for this is that the one [the 
slaughtered animal] loses its blood, and the other [the corpse] retains it. 


If for Jabir hornets are spontaneously generated from corpses that have not been 
drained of their blood, the Book of the Cow prescribes an elaborate ritual for 
manufacturing artificial bees. This involves a slaughtered heifer whose blood is placed 
along with its bones, nose, eyes, ears, and genitals in an enclosed chamber; thus we 
have the nutritive matter in its womb. After it has rotted for seven days, a dog’s 
penis is thrown on top. At the end of another seven days worms are born in this 
mess; they are to be fed with a fistful of dead bees on each of the succeeding 
fourteen days, after which the worms grow wings and turn into bees. The reason, I 
believe, that the author of the Book of the Cow limits the spontaneous generation to 
the worms, which then must be transformed into bees, is found in the De anima (25), 
where Aristotle claims that ants and bees possess the faculty of φαντασία, while 
worms do not. 

The worms, therefore, will be more likely to be produced by spontaneous 
generation than will be the bees who possess a more complex soul. Even so, the Book 


(23) Kitab al-tajmi‘, cit., p. 359. 

(24) Ghaya, in Pseudo-Mafriti, cit., p. 411, ed. by H. Ritter; see also Picatrix, cit., IV ix 19, ed. by 
D. Pingree. 

(25) Aristotle, De anima, 428a10-11. 
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of the Cow takes no chances, and induces the spontaneous generation by uniting 
symbolically semen and blood in a womb. But what is truly remarkable in the Book of 
the Cow is the affirmation that the process can be reversed so as to generate heifers 
out of bees! 

Jabir, on the other hand, when he speaks of creating artificial animals of higher 
orders than those produced by spontaneous generation (26), relies on the insertion of a 
clay image of the creature to be created, whether animal, human, or chimera, into a 
sphere or a nesting of spheres, preferably made of glass. In these operations the 
sphere or spheres on one level represent the heavens, the macrocosm whose astral 
influences, under the guidance of the Demiurge, endow with life, ensoul, the clay 
image, which becomes an irrational or rational animal; but, on another level, the 
innermost sphere is the womb in which the enlivened embryo is nourished. This is 
the pure version of the Jabirian method, which he claims to have found in Porphyry’s 
Kitab al-tawlid and in Zosimus’ Kitab al-mizan. But at the end of this passage Jabir 
quotes the opinions of several other schools who infuse the hollow interior of the clay 
image with either the semen or the blood of the animal one wishes to produce, or 
with a mixture of bloods to create composite monstrosities. The idea of employing 
semen and blood in such operations is shared by the author of the Book of the Cow. 

Toward the end of the Kitab al-tajmi‘ Jabir cites «the book in which we refuted 
Plato in his book whose title is a/-nawamis». The context in which Jabir refers to his 
refutation of the Kitab al-nawamis is a discussion, unfortunately too corrupt in the 
unique manuscript to be understood completely, concerning the large figure of a 
snake whose operation, he says, is invalid (27). The artificial generation of a snake is 
referred to in the Kitab al-nawamis at the end of a chapter on creating a rational 
animal. This rational animal is minced, sprinkled with the ash of an oak, and buried 
in the ground for eighteen days. By the end of that period it will have been 
transformed into a serpent. Here the artificial rational animal, whose principle 
ingredients after human semen are the blood and the gall-bladder of a black cat, 
seems to be a humanoid body entered into by a demonic spirit. It is altogether 
symbolically fitting, then, that such a one be transformed into a poisonous snake. 
The generation of demonic creatures, indeed, seems to be one of the principle 
criticisms leveled by Jabir against the Kitab al-nawamis. In his Kitab al-khawass (28) 
Jabir states that he associates the Kitab al-nawamis with the feigned knowledge of the 
people of the religion of blasphemy, the kafirs, who worship devils. 

Clearly, since the Kitab al-tajmi‘* was composed in the early tenth century, Jabir 
must have written his refutation of Plato’s Kitab al-nawamis in about 900 A.D. This, 
then, is the terminus ante quem for the date of the Kitab al-nawamis itself. A rough 
terminus post quem is provided by the fiction of its preface that the Kitab al-nawamis 
was composed by Galen as an explanation of Plato’s Περὶ νόμων, and that this work 


(25) Kitab al-tajmi‘, cit., pp. 344-350; see P. Kraus, op. cit., vol. II, pp. 110-116. 

(27) Kitab al-tajmi, cit., pp. 366-367. 

(28) P. Kraus, op. cit., vol. I, p. 152 ἡ. Jabir also refers to his own Kitab al-nawdmis wa al-rudd ‘ala 
Iflatun, in the Kitab al-sumum (A. Siggel, Das Buch der Gifte des Gabir ibn Hayyan, Wiesbaden 1958, p. 
142), wherein he reports that a beneficial plant, when mixed with certain ingredients, is transformed into a 
deadly poison. 
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of Galen was translated from Greek into Arabic by Hunayn ibn Ishaq. From 
Hunayn’s pen indeed we have a summary in three maqalas of Plato’s Laws (2°). Since 
Hunayn died in Baghdad in 873, and since it is less likely that his name was used by 
the forger of the magical Kitab al-nawamis before his death than after it, it is 
probable that the forger did his work after 875, perhaps in the 880’s. However, a 
more definitive terminus post quem is established by Hunayn’s Risdla to ‘Ali ibn 
Yahya on the books of Galen that he had translated (2°). Hunayn states at the end of 
the Risdla that he composed it in the year 1167 of Alexander, or 856-857 A.D., when 
he was 48 years old, but that he added to the bibliography in the year 1175 of 
Alexander, or 864-865. In the Ris@la Hunayn describes as number 46 — i.e., in the 
section on translations made before 856 — his translation into Syriac of Galen’s 
work Fi ara’ Bugrat wa Filatun (1), which is the Περὶ τῶν ἹἹπποχράτους xai Πλάτωνος 
δογμάτων (52. The forger of the Kitab al-nawamis makes his fictitious Hunayn 
declare: «By my life, it is fitting for all men to praise Galen because he wore out his 
soul and his body, made his heart to be weary and his eye to remain awake in 
expounding the books of Plato and of Hippocrates». This clear reference to a book of 
Galen that the real Hunayn had translated before 856 — probably in the 840’s — 
provides convincing proof that the Kitab al-nawamis was forged after, say, 850. That 
the translation was made into Syriac confirms that the forger was a Syrian. 

What, however, do either Plato’s Laws or Galen’s Περὶ δογμάτων have to do 
with the magic of the Kitab al-nawamis and its use of spiritual powers? The clue is 
again found in the preface, where the forger has his fictitious Galen proclaim: 
«exposui librum philosophi Platonis decem tractatuum usque ad finem eorum». Since 
the Laws has twelve books rather than ten, this is clearly a mistranslation of the 
Arabic. I believe that the Arabic original said: «I explained the book of the 
philosopher Plato, its tenth treatise, at its end». For towards the end of book X of 
the Laws Plato is refuting those who say that all things past, present, and future 
occur by nature (φύσις), by art (τέχνη), and by chance (τύχη) (). In turning first to 
the theory that φύσις, when identified with the four elements, is prior to and, indeed, 
the origin of soul (φυχή) (24), the Athenian stranger is led to prove that soul is prior to 
body; and he does this by showing that soul, whose essence is motion (χίνησις), is the 
unique cause of generation (γένεσις), of motion (μετάβασις), and of change 
(μεταχόσμησις) in all things (55. He concludes, then, not only that soul is prior and 
superior to body (*), but also that it is the cause of «the evil, the good, and the 
shameful, the just and the unjust, and of all opposites». (37) Finally, he argues that the 


(3) See n. 15 above. . " 

(3°) G. Bergstrasser, Hunain ibn Ishaq. Uber die syrischen und arabischen Galen-Ubersetzungen, Leipzig 
1925; and Idem, Neue Materialien zu Hunain ibn Ishaq’s Galen-Bibliographie, Leipzig 1932. 

(31) G. Bergstrasser, Hunain..., cit., pp. 26-27 of the Arabic, pp. 21-22 of the German translation. 
Hunayn records that an Arabic translation of this work was made by Hubaysh for Muhammad ibn Misa. 

(2 C. G. Kuhn (ed.), €laudii Galeni Opera omnia, vol. V, Leipzig 1825, pp. 181-805. 

(33) Plato, Laws, 888e 4-6. 

(4) Plato, Laws, 891c 1-5. 

(55) Plato, Laws, 892a2-b1; cf. n. 18 above. 

(6) Plato, Laws, 896b10-c3. 

(37) Plato, Laws, 896d5-8. 
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Sun, the Moon, the stars, and heaven are moved by souls; and that, because these 
souls are good, these celestial beings are gods (8). 

| This analysis and exaltation of the φυχή at the end of the tenth book of the 
Laws is indeed the theoretical foundation for much of the magic in the Book of the 
Cow; though it is never directly stated thus in that text, the ingredients in its 
recipes normally include one or several parts of bodies that were believed to be the 
loci of parts or functions of the animal’s soul. The inclusion of one of these organs 
induces that part or function of a soul to effect an artificial animal’s γένεσις or to 
affect the soul of an already existing creature by causing its μεταχόσμησις; in this 
latter case one can alter the soul of a plant, animal, man, or celestial body, or else one 
can cause the souls of men to perceive or fantasize falsely. The claimed power to 
move the.souls of the celestial bodies places this psychic magic on an equal level with 
astral magic, which persuades the planetary and stellar souls to send their spirits to 
reside in talismans. 

It is Galen’s Περὶ τῶν Ἱπποχράτους xat Πλάτωνος δογμάτων, and especially 
chapter 1 of book 3, that tells one in which part of an animal’s body which part or 
function of its soul resides. Of course Aristotle had already stated (39) that the 
nutritive and the sensitive souls are inherent in semen, while the νοῦς enters it from 
the outside; it is presumably this feature of semen that justifies its frequent use in 
creating artificial animals. But Galen informs us that Chrysippus located τὸ 
fyyewovixév in the heart (40), while others place it in the chest or in the head; and that 
Plato in the Timaeus (41) locates τὸ λογιστικόν in the head, td θυμοειδές in the chest, 
and τὸ θυμητιχόν in the navel (42). In chapter 4 of book 3 Galen discusses the relation 
of theories of the soul to the three common adjectives «brainless», «heartless», and 
«gutless». In terms of Plato’s theory of the tripartite soul he interprets them to 
signify respectively «thoughtless», «cowardly» and «lacking sensation» (3). These 
indications suffice to complete the Book of the Cow’s symbolic vocabulary. The brain 
represents the rational soul (and, presumably, the φαντασία of irrational animals), the 
heart the sensitive soul (which also controls appetite and locomotion), and the guts — 
especially the gall-bladder — the nutritive soul. Moreover, the Book of the Cow 
assumes that one animal’s organ of sense or of motion will transfer its δύναμις to 
another animal when properly applied. 

Now that we understand its language we can begin to decipher at least the 
Platonic — or Neoplatonic — ingredients in the psychic magic of the Kitab 
al-nawwamis; many other elements, of course, are present as well. I should like to begin 
by summarizing with interspersed annotations the first experimentum in the Book of 
the Cow, the one to which it owes its name. I remind you that my summary must be 
based on the Latin translation in the absence of an Arabic manuscript. 

«Whoever wishes to make a rational animal should take his own water (aquam 


(8) Plato, Laws, 899b2-10. 

(3) Aristotle, De generatione animalium, 733b30-734a1, and 736b8-29. 
(4°) Claudii Galeni Opera omnia, cit., vol. V, p. 287. 

(41) Plato, Timaeus, 69a6-72d3. 

(42) Claudii Galeni Opera omnia, cit., vol. V, p. 288. 

(3) Ibidem, p. 316. 
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suam) while it is (still) warm». It seems to me clear that agua here translates the 
Arabic ma’, «juice», which also signifies semen. This semen must be used while it is 
still warm since, according to Aristotle (4), it retains its πνεῦμα only while it is in that 
state. «One should mix it (that is, the warm semen) with an equal amount of the 
stone which is called the stone of the Sun». Note that in astrology the Sun represents 
the father. . 


Then one should look out for a ewe or a cow, whichever of these one chooses, and 
insert [the mixture] in her womb and plug up her vagina with the Sunstone. The 
genitals of the ewe or of the cow are then smeared with the blood of the other. 


This blood is to provide nourishment to the embryo (*°), and represents, in the 
Aristotelian view (6), the body contributed by the female as the semen represents the 
soul contributed by the male. «She is locked in a house which sunlight does not 
enter». This serves as a second womb in addition to her own. 


While awaiting the birth of the animal, [the magician] mixes a powder made of 
crushed Sunstone, sulfur, magnet, and green zinc stirred in with the sap [agua again] 
of a white willow. The undefined forma to which the ewe or cow gives birth is placed 
in this powder, whereupon it is instantly clothed in human flesh. 


The powder presumably somehow symbolizes the clay out of which God 
fashioned Adam. 


The new-born homonoid is kept in a large glass or lead vessel for three days, so that 
it becomes exceedingly hungry; it is then fed for seven days on its mother’s blood, 
and develops into a complete animal, with which other marvels can be performed. 
For instance, it can be placed on a white cloth with a mirror in its hands and 
suffumigated with the previously mentioned powder mixed whit human blood; then 
the Moon will appear to be full on the last day of the month. Or it can be 
decapitated, and its blood collected; if the blood is given to a man to drink, he will 
assume the form of a bovine or a sheep; but if he is anointed with it, he will have the 
form of an ape. Finally, if the animal is fed for forty days on a diet of blood, milk, 
and semen, and then its guts are extracted from its belly and rubbed on someone’s 
hands and feet, he may walk on water or traverse the diameters of the earth in the 


winking of an eye. 


The rational animal that the magician has thus artificially generated is, I believe, 
a demon. It is for this reason that one can so readily kill it; it is for this reason, it 
seems, that Jabir condemned the Kitab al-nawamis; and it is for this reason that the 
animal, if kept alive for a year, can tell one of all things beyond one’s perceptions. 

The next chapter in the Book of the Cow describes the artificial generation of 
another rational animal by essentially the same means, except that this time the 
womb is provided by a female ape. Her offspring, after undergoing appropriate 
manipulations, appears in the form of a one-legged man. It seems also to be a demon; 


(4) Aristotle, De generatione animalium, 735b32-37. 
(45) Aristotle, De generatione animalium, 740a21. 
(4) Aristotle, De generatione animalium, 738b25-26> 
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for if one plucks out its eyes and rubs one’s own with them, thus transmitting their 
δυνάμεις directly, one will see all the spirits and demons. If one goes further and 
mixes the creature’s brain in with its eyes before applying them to one’s own, one 
will see spiritualities. And if one minces its tongue, soaks the mincemeat in urine, 
and imbibes the mess, one will hear the spiritualities and converse with the denigns: 
Since the powers of the organs of sense of this artificial animal enable the magician 
to see, to hear, and to talk to demons, the original possessor of those organs must 
himself have been a demon. 

Dozens of other experimenta are described in the Kitab al-nawamis that illustrate 
the correctness of our method of interpreting at least one element of psychic magic. I 
can now mention only a few. To cause a person to lose his reason and fall down in an 
epileptic fit, one makes him enter a house in which there is an image of Satan 
wearing a crown made out of the gall-bladder of a fish; the ἐπιθυμητικόν part of the 
fish’s soul located in its gall-bladder overpowers, through the mediation of Satan, the 
λογικόν part of the man’s soul. To endow a tree with the imagination to bow down 
before him the magician suffumigates it with the brain of a vulture mixed with the 
bones of a black snake and of a man; the black snake I take to be the demonic 
element, while the brain of the vulture bears its φαντασία. To comprehend the 
chirping of birds the magician drinks a concoction of the gall-bladder of a black crow 
combined with its brain, guts, and palate. Or to see the demons or the Devil himself 
the magus bathes in an alcohol distilled from the smoke of a suffumigation consisting 
of the gall-bladder of a crane, the eye of a hoopoe, the eyes of three swallows, the eye 
of a crow, the heart of a black chicken, and the eye and gall-bladder of an untamed 
black cat. 

I believe, then, that we have uncovered the hidden meaning of at least a part of 
the strange operations described in the Book of the Cow, and demonstrated their 
dependence on theories concerning the soul and the generation of animals found in 
Plato and Aristotle. We have also dated the forging of this Kitab al-nawamis in the 
latter half of the ninth century A.D., most probably in the 880’s, and tentatively 
located the forger in Harran. I would like now to strengthen this last conclusion by 
offering you a rendition, again from the Latin, of a remarkable passage in the Book of 
the Cow wherein its author describes without naming them the Sabian magi of 
Harran and their magical deeds, in terms that recall the magician of the Picatrix and, 
by extension, his imitators in the Renaissance. 


Hunayn says: From the knowledge of the operators of the Laws (7) and the 
benevolence of their opinions as well as the goodness of the understanding of those 
who have considered things, have paid attention to the operations, and have become 
familiar with the roots from which these operations originate and in what knowledge 
these preparations are prepared, by which is known their superiority over the others 
who lived in their times, I have rarely seen that they could accomplish this unless 
they worshipped the stars, constructed altars [i.e., temples], and placed all of their 
doors to the East so that they might face the great light which is the light of the Sun, 


(47) The opifices aneguemis are perhaps the ashab al nawamis who are the highest form of rational 
beings that can be generated artificially according to Jabir in Kitab al-tajmi', cit., p. 369. An alternative 
explanation of this phrase is found in P. Kraus, op. cit., vol. II, pp. 133-134. 
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from which comes the mie of the day and its splendor, and [unless] they 
suffumigated in these [temples] with suffumigations of great exaltation, brought nigh 
in them the sacrificial victims, lit candles and lamps in them, built oratories in them, 
and illuminated in them the stars which are their deity, whom they address with the 
address of one worshipped, praying for them to fulfill their needs. And they question 
them about one who is absent, about things already done and things to be done 
before they are done; and when they happen, they make them tell about each thing 
separately; and they ask about life, death, health, truthfulness, food, and drink, and 
about all things over the knowledge of which stands none but their Creator. 
Therefore [the stars] caused [men] to know by means of that which they possess of 
the power by which they have come to address the stars, until anyone of them has 
come to the point that he may be in Rome and perambulate Africa in the same day, 
or that he may be in Scythia in the morning and walk about the vast occident in the 
evening. For the earth is rolled up for them, and they are carried about in the air and 
walk on water. They know before its birth whether the fetus is male or female and 
whether it will live. But with all this they disagree in their intentions, their laws, and 
their sciences, so that some of them worship the Sun, others the Moon, and some of 
them the stars one by one, and they worship both fire and darkness. Those who 
worship fire said that it is the eye of the Sun, but it is not as they thought it is. 
Because there is no day except from the Sun, and we do not discover the splendor of 
creation without it, they said: «This is our deity». They lit candles and lamps to it, 
and this sufficed that they became endowed with the genius to build buildings that 
do not decay, and to make candles which do not burn out over the extension of time 
and in the passage of time, but they [the fires] remain after them even though 
according to their own science corruption and change are necessary for them. Because 
they do receive corruption and change [eventually], when [these things] are corrupted 
they do not change their deity because of that. Therefore they were inspired to make 
[their gods] those seven [luminaries] which do not burn out, which are the candles 
which do not cease but remain for all time. 

I remember the torches which are not extinguished in water, and the 
suffumigations with which, when there is a suffumigation and a query about some 
entity, they look in [the smoke] and they hear the answer. For when they are properly 
placed in the temple designated for the stars, then the nature of benefit descends into 
them. And they do nothing by which there is not some benefit. For whenever 
someone tries this and asks about an entity, small or large, he hears an answer as if 
the god were standing on his altar holding the suffumigation in his hands. That 
[magus] addresses his star with the address of the stars and their prayers. There is a 
single book on these prayers of which my recollection is not gone. But, since this is 
something which needs an abbreviation in order to find its end — its language is 
prolix, and so is its explanation — I refrain from reporting about it here. 


The monobiblos on the prayers to the planets may be that composed by Abu 
al-‘“Abbas (Abu Hafs?) al-Tabari which is, after conflation with other texts, 
incorporated into the Ghdya. In its Latin form in the Picatrix this single book of 
al-Tabari inspired some of the most astonishing passages in the third book of Ficino’s 
De vita. It is not necessary to follow Tardieu’s theory (48) that Simplicius retired to 
Harran upon his return from Persia to discern the strong influence of Neoplatonism 
in that fascinating city (4°). The Book of the Cow increases that evidence and enlarges 


(48) M. Tardieu, Sabiens coraniques et ‘Sabiens’ de Harran, in «Journal Asiatiques, CCLXXIV (1986), 
pp. 1-44, esp. pp. 22-29. | 

(49) To cite just one recent study, I refer to C. Genequand, Platonism and Hermeticism in al-Kindi’s 
Fi al-nafs, in «Zeitschrift fiir Geschichte der Arabisch-Islamischen Wissenschaften», 1987-1988, pp. 1-18. 
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magically our conceptions of what Neoplatonism may generate — or into what it may 
degenerate. 

But the fact remains that, whatever its origin, the Book of the Cow, in its Latin 
form, seems bereft of intellectual content and, as Pico says, filled with execrable 
dreams. Neither Neoplatonic nor other philosophers of the Renaissance, then, would 
be likely to quote from it, though Pico informs us that it was circulating among 
magicians. Lodovico Lazarelli, indeed, had a dream of creating demons, but he 
intended to accomplish this by words alone rather than by the elaborate corporeal 
and essentially disgusting rituals of the Book of the Cow (°°). 

In order to assess the influence of pseudo-Plato in the West, then, among 
intellectuals we must examine the few stray references to it, but primarily the date 
and distribution of its manuscript copies. 

The twelve manuscripts were all copied between about 1200 and 1500, and 
almost all of them in France or in Italy. Two are datable to the thirteenth 
century (5), and the Liber vacce was read by William of Auvergne in Paris in the 
1220’s while a copy was in Richard of Fournival’s library at Amiens in the 1240’s. 
Much of the second book was incorporated into the De mirabilibus mundi falsely 
ascribed to Albertus Magnus. Three manuscripts were copied within a decade or two 
of the year 1300 (52; one at Bologna and a second at Montpellier. In the early 
fourteenth century two copies made their way from France to St. Augustine’s Abbey 
in Canterbury (53). Toward the middle of the fourteenth century another copy was 
made in Italy (°4), while toward that century’s end, in the 1370’s, the Liber vacce was 
discussed and censured by Henry of Hesse in his De habitudine causarum (55) and by 
Nicolas Oresme in his De configurationibus qualitatum et motuum (56). Finally, in the 
fifteenth century six copies were made, mostly in Italy (57); this was clearly the height 
of the work’s popularity, which almost entirely vanished after 1500. No longer was it 
to be copied, though there were two manuscript of it in John Dee’s library toward 
the middle and end of the sixteenth century, and one in Thomas Allen’s hands at the 
beginning of the seventeenth. The Book of the Cow, then, was most widely circulated 
in the early Renaissance, but soon disappeared from view, except in England. 

In contrast, its companion piece, the Picatrix, whose sources, including the Book 
of the Cow, also lay among the Neoplatonists of Harran, but which expressed the 
.Neoplatonic and pseudo-Hermetic alleged foundations of its magic clearly and 
repeatedly, first began to be popular in the 1450’s, in Italy, and from there was 


(0) See Ὁ. P. Walker, Spiritual and Demonic Magic from Ficino to Campanella, London 1958, pp. 64- 
72. 

(1) Munich, CLM 22292; and Prag X. H. 20. 

(52) Munich, CLM 615; Codex Fritz Paneth (now in the Yale Medical Library); and Oxford CCC 
125. 
(53) M. R. James, The Ancient Libraries of Canterbury and Dover, Cambridge 1903, p. 348 (n. 1275), 
and pp. 348-349 (n. 1277, which is now CCC 125). 

(4) BL Arundel 342. 

(5) L. Thorndike, op. cit., vol. III, New York 1934, pp. 489-490. 

(5 M. Clagett, Nicole Oresme and the Medieval Geometry of Qualities and Motions, Madison 1968, 


p. 358. 
(7) Montpellier 277; Firenze BN, II iii 214 and Pal. 945; Oxford CCC 132 and Digby 71; and Va- 


tican Pal. lat. 1892. 
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rapidly disseminated to Poland, Bohemia, and France, and finally, in the late 
sixteenth century, to England. Of the twenty complete manuscript copies of the 
Picatrix none was made before 1450, four are dated in the latter half of the fifteenth 
century, eight in the sixteenth century, seven in the seventeenth, and one in the 
eighteenth. And, of course, it was extensively used by Neoplatonizing philosophers 
and magicians from Ficino on, and was translated into Italian, French, and English. 
Yet the magic of the Picatrix is oftentimes equally nauseous as that of the Liber vacce; 
but in the Neoplatonic climate of the later Renaissance the Picatrix’s claim to a 
philosophical basis, and one that fit in neatly with the concept of a hierarchical 
universe emanating from an omnipotent deity, served it much better than the Liver 
vacce’s pretence of sharing Platonic and Aristotelian theories of the soul and of 
generation, while in fact relying on demons and even Satan himself. Even the most 
magically inclined of Renaissance Neoplatonists, Henry Agrippa, while he at one 
point nonchalantly cites Plato — by whom he means the author of the Book of the 
Cow — as an authority on the manufacture of magical lamps (78), when he comes to 
deal with the problem of the artificial union of soul to body utilizes, as does Ficino, 
the celestial magic of the Picatrix, but remarks that the celestial power lies «quiescent 
within material things», and 


thus certain marvelous works are produced [procreantur] such as are read of in the 
Liber Nemith [i.e., in the Liber Neumich], which is also called the book of the Laws of 
Pluto, because generations of this sort are monstrous and not according to the laws of 
nature (5). 


But Agrippa’s punning substitution of Pluto for Plato cannot conceal the fact 
indicated by his use of the indicative form procreantur, that he at least thought that 
the magic of the Book of the Cow would actually work, Satana volente. 


(58) Henrici Cornelii Agrippae ab Nettesheym... De occulta philosophia, [NP] 1533, p. LVIII (, 49). 
(9) Ibidem, p. XLII, (I, 36). 
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When one thinks of magic in the period of Frederick II, one’s 
thoughts naturally turn to his astrologus, Michael Scot’. For Dante, 
some seventy-five or eighty years after Michael’s death, had Virgil 
point out in the fourth bolgia of the eighth circle of Hell’: 


Quell’ altro che ne’ fianchi é cosi poco, 
Michele Scotto fu, che veramente 
Delle magiche frode seppe il gioco. 


But neither Henry of Avranches3, Michael’s contemporary, nor 
Salimbene‘, the chronicler of Frederick’s reign, mention this procliv- 
ity for magic. Yet a reading of the manuscripts of Michael’s Liber 


introductorius’ and Liber particularis® quickly reveal that, while often 


1. Concerning Michael see L. Thorndike, Michael Scot, London 1965, though 
the older account by C. H. Haskins, Studies in the History of Mediaeval Science, 2nd 
ed., New York 1927, 272-98, is still most valuable. A more recent survey is by L. 
Minio-Paluello in Dictionary of Scientific Biography, UX, New York 1974, 361-65. 

2. Inferno XX 115-17. Concerning his slender thighs see, for example, Polemon, 
De physiognomonia, 9 (ed. G. Hoffmann in R. Foerster, Scriptores physiognomonici, I, 
Lipsiae 1893, 206): Tenuitas et paucitas carnis lumborum fraudem dolum et impro- 
bitatem indicat. 

3. Haskins, Studies, 276. | 

4. Cronica, ed. G. Scalia, 2 vols., Bari 1966, I, 515 and 525-26, and II, 749 
and 774. 

5. I have used Oxford, Bodleian Library, Bodley 266 (henceforth denoted B) 
and Munchen, Staatsbibliothek Clm 10268 (henceforth denoted M). M is de- 
scribed most recently by U. Bauer, Der Liber Introductorius des Michael Scotus in der 
Abschrift Clm 10268 der Bayerischen Staatsbibliothek Miinchen, Munchen 1983. For the 
other manuscripts of the Liber introductorius see Thorndike, Michael Scot, 5-6; see 
also the unpublished dissertation of G. M. Edwards, The Liber introductorius of 
Michael Scot, University of Southern California 1978. 

6. I have used Oxford, Bodleian Library, Canonici Misc. 555 (henceforth de- 
noted C). This and other manuscripts of the Liber particularis are briefly described 
in Thorndike, Michael Scot, 6 and 122-23. In reading through the Phisionomia (pub- 
lished on pp. 219-358 of Albertus Magnus De secretis mulierum, Amstelodami 1648). 
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stating that the use of magic is against the teachings of the Roman 
church!, Michael firmly believed in the efficacy of magic and was fa- 
miliar, in embarrassingly intimate detail, with the modes of operating 
magically. In this paper I intend to relate his magic to what was 
known by his contemporary, William of Auvergne’, and by the 
somewhat later Albertus Magnus}, both of whom had access, in the 
region of Paris, to the new magic of Arabic origin that was coming 
into France and England from Spain‘ — traditionally from Toledo’; 
and then to describe in some detail a fifteenth-century manuscript 
now in the Biblioteca Nazionale in Firenze — II. iii. 214° — that turns 
out to be one of our most complete extant copies of these new magi- 
cal texts, texts which are the foundation also for most of what Michael 
knew about learned magic. 

Let us begin with William of Auvergne, who, in his De universo, di- 
vides magic into three types”: sleight of hand, optical illusions, and the 
employment of demons. The first two are obviously not unnatural, 
though they may be fraudulent. Nor are the marvelous powers inher- 
ent in certain stones, plants, or animals unnatural; they are simply vir- 
tues that we are incapable of understanding. Indeed, one of the innate 
powers possessed by some natural objects is that of hindering magi- 
cians or putting evil spirits to flight. Those evil spirits or demons are 
real for William and for his contemporaries, and they are permitted by 
God to deceive man and to entice him into error and sin. The magus 


I note only two references to magic; on p. 251 Michael refers to magical uses of 
menstrual blood, sperm, hair from the head, blood, and tracks of feet in dust or 
mud (see the magical uses of parts of the human body, different from those in Jabir’s 
Flos naturarum, that Michael lists in the Liber particularis, C ff. 51vb-52a), and on p. 
270 he notes the disastrous effect of a «sign of Salomon» on infants and fetuses. 

1. So, e.g., in the Liber introductorius condemnatory passages occur on B ff. 22b- 
22va, and in the Liber particularis on C f. Iva. Many more passages could be cited. 

2. A general description of William’s references to magic is available in L. 
Thorndike, A History of Magic and Experimental Science, 1, New York 1923, 338-71. 

3. I refer to chapter XI of his Speculum astronomiae, ed. 5. Caroti, M. Pereira, 
and 5. Zamponi, Pisa 1977, 27-33. 

4. See D. Pingree, «The Diffusion of Arabic Magical Texts in Western Europe», 
in La diffusione delle scienze islamiche nel Medio Evo europeo, Roma 1987, 58-102. 

5. See, for instance, V. Rose, «Ptolemaeus und die Schule von Toledo», 
Hermes, 8 (1874), 327-49, esp. 343-44. 

6. This manuscript is very inadequately described in Mazzatinti, Inventari, X, 
Forli 1900, 7-8. 

7. Guilielmi Alverni Opera omnia, 2 vols., Paris 1674, repr. Frankfurt am Main 
1963, I, 1059-61. 
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who falsely believes that he can obtain control of these demons by 
means of his invocations, suffumigations, prayers, and sacrifices is led 
not only into the error of heresy but into self-delusion as well. The 
demons do evil out of their own malignancy, the necromancer who 
attempts to direct them becomes their instrument. 

This may appear to be the attitude towards magic that one ought to 
expect from a Bishop of Paris. What William brings in to the discus- 
sion are references, both direct and oblique, to a number of Latin 
translations of Arabic works on black magic. Thus he refers to the Idea 
and Almandal of Salomon'; to the seven books of the seven planets 
written by Mercurius — that is, by Hermes’; to the De stationibus ad 
cultum Veneris of Toz the Greek} a name variously distorted in the 
printed edition of William’s works; to Artefius on characteres or magical 
writing’ and to Plato’s Liber Neumich’ or Book of the Cow. We shall 
have more to say of most of these works later; for now it must suffice 
to report that William is the first Westerner to record the names of 
these works, save for that of Toz. For already, in 1143, Hermann of 
Carinthia, writing in Béziers on the border of France and Spain, cited 
the thelesmatici — makers or operators of talismans — lorma the Babylo- 
nian and Tuz the Ionian as employing the planetary spirits in their 
magical arts® and Daniel of Morley, reporting in the last quarter of the 
twelfth century to John, Bishop of Norwich, concerning his studies in 
Toledo, speaks approvingly of «the science of images, which the great 
and universal Book of Venus, edited by Thoz the Greek, has handed 
down»’. Indeed, I suspect that all of the translations accessible to 
William, and others that I shall discuss later, were made in Spain 
toward the middle and end of the twelfth century. 

A more complete description of these translations was included by 
Albertus Magnus in chapter eleven of his Speculum astronomiae, for 
which he probably gathered material while he was in Paris in the 


1. See Thorndike, History, II, 280 and 351. 

2. Opera, I, 881 and 953. For these and the following references see Pingree, 
«The Diffusion», 79-80. 

3. Opera, I, 44 and 671. 

4. Opera, I, 91. 

5. Opera, I, 43 and 70. 

6. Hermann of Carinthia. De essentiis, ed. C. Burnett, Leiden 1982, 182. 

7. K. Sudhoff, «Daniels von Morley Liber de naturis inferiorum et superiorun», 
Archiv fiir die Geschichte der Natunvissenschaften und der Technik, 8 (1917), 1-40, 


esp. 34. 


419 


Pathways into the Study of Ancient Sciences 


1240's’. Here, he distinguishes three varieties of magic, though they 
are quite different from William’s?. The first is the abominable, which 
employs suffumigations and invocations; the demons, however, are 
not compelled by these ritual bindings, but God permits them to de- 
ceive the magicians. The examples Albert cites are Hermetic. The sec- 
ond is less reprehensible, but still detestable; it employs characters, 
names, and exorcisms; it is to be avoided because beneath the cover of 
names in foreign languages may lurk what is contrary to the Catholic 
faith. For this type of magic Albert refers to Salomonic texts or other 
works associated with figures from the Old Testament. Finally, the 
third type, which does not allow suffumigations and invocations, nor 
admit exorcisms and characters, relies on power drawn from the celes- 
tial spheres. Albert’s exemplary texts — Thabit ibn Qurra’s Liber ymag- 
inum and Ptolemy’s Opus ymaginum — both claim to depend on ancient 
Greek authorities — Thabit’s on Aristotle. 

Albert’s classification of the Latin translations of Arabic magical 
works is sensible and useful; I shall follow it here. The abominable or 
Hermetic treatises are derivatives from the astral magic invented by 
the Sabaeans of Harran in the ninth and tenth centuries}. They are 
based on the construction of talismans by magi fitted to the task by 
their horoscopes, construction at astrologically suitable moments and 
out of the materials appropriate to the planet whose spirit is to be 
persuaded to empower it. This empowerment is accomplished by an 
elaborate ritual, in part Indian in origin, involving the use of special 
garments, flowers or branches, suffumigations, prayers to the planets, 
and animal sacrifices, carried out at times determined astrologically to 
be appropriate for the planetary rays to penetrate the talisman, which 
bears a shape, images, and characters consonant with the use to 
which it is to be put. Once so empowered, the talisman remains po- 
tent to accomplish its intended objective for an indefinite period of 
time, though that potency is released only by its being employed in 


1. See Pingree, «The Diffusion», 81-87. 

2. For a more rational classification of magical practices, see D. Pingree, «Some 
of the Sources of the Ghayat al-hakinm, Journal of the Warburg and Courtauld Instituts, 
43 (1980), I-15. 

3. See Pingree, «Some of the Sources»; C. S. F. Burnett, «Arabic, Greek, and 
Latin Works on Astrological Magic Attributed to Aristotle», in Pseudo-Aristotle in 
the Middle Ages, London 1986, 84-96; and D. Pingree, «Indian Planetary Images and 
the Tradition of Astral Magic», Journal of the Warburg and Courtauld Instituts, 52 


(1989), 1-13. 
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the proper way. Detestable or Salomonic magic, on the other hand, 
makes use of secret or angelic names, rings with engraved stones, ex- 
orcisms with magical circles and squares performed by elaborately 
robed and equipped priests, burning candles, and the like, all de- 
signed to compel the angels or the demons to appear and to obey. 
Though there are many similarities and coincidences between the 
abominable and the detestable, especially in their shared appeal to 
planetary powers and use of astrology, they are sharply distinguished 
in the following way. For the Hermeticists the planetary and astral 
spirits are the intermediate powers between men and God; in fact, 
they are God’s creatures set by him in the heavenly spheres to super- 
vise sub-lunar events. They are not compelled, but persuaded, to 
empower the talismans with the power they have received from 
God. The Salomonists, on the other hand, taking their clue from 
such Christianized Jewish traditions as the Testament of Solomon, seek 
to bind the demons, the malefic spirits, or the angels to do their will, 
to compel them by ritual acts and threats of violence to carry out the 
necromancer’s wishes. 

The followers of the Books of Images also rely on stellar powers 
transferred to talismans bearing images. But the empowerment of 


these talismans depends only on their being made of the appropriate 
planetary metal or other substance at an astrologically propitious time 
and on the saying of a brief statement of purpose over them. Again, 
they are related to the Hermetic talismans of the Sabaeans, but the ob- 
jectionable rituals have been almost entirely eliminated. Still, it is dif- 
ficult to understand how Albert could have looked upon them with 
such tolerance as he exhibits. 


Let us begin now our investigation of the manuscript, Florence BN 
II. 11]. 214, and the relationships of the treatises it preserves to those 
known to William of Auvergne, to Albertus Magnus, and to Michael 
Scot, and to our three types of magic. It will soon be clear, I believe, 
that the hypothetical thirteenth-century ancestor of the manuscript 
contained almost all of the magical texts known to our three authors, 
and much more besides. 

It begins with Albert’s two books on images’, that by Thabit in the 


1. F ff. 1-4. The two versions of this text, I and J, are incompetently edited by 
F. J. Carmody, The Astronomical Works of Thabit b. Qurra, Berkeley-Los Angeles 
1960, 165-97. See Pingree, «The Diffusion», 74-75. 
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translation by John of Seville and that ascribed to Ptolemy’, in the 
same order in which Albert cites them’. I have shown elsewhere 
that Albert probably saw them in this order in the manuscript from 
Richard of Fournival’s library — Paris, BN lat. 16,204 — from which he 
drew most of his knowledge of Latin translations of Arabic astrological 
works}. Of the two versions of John’s translation of Thabit’s work the 
Florence manuscript contains J, while the Paris manuscript has the 
shorter version I. Michael Scot, in his Liber introductorius, quotes the 
first sentence from version J4; he also refers to Thabit in his Liber 
particularis’. In Thabit’s Liber ymaginum are described seven talismans, 
each designed to accomplish a particular task: expelling scorpions, de- 
stroying an enemy’s city, obtaining possession of something, increas- 
ing business, being put in charge of a city or region, gaining the 
friendship of the king, and creating friendship or enmity between two 
persons. This is a rather limited range of objectives that is served by 
Thabit’s images, and most of them are or could be regarded as benign. 

The Opus ymaginum ascribed to Ptolemy, on the other hand, de- 
scribes forty-five talismans constructed for a wide variety of generally 
trivial purposes, such as preventing cows from abandoning their 
calves, binding a crocodile so that it will not harm you, or muting mu- 


sical instruments — the last a most desirable talisman in this age of hard 
rock. The version of the Opus in the Florence manuscript is, this time, 
the same as that in the Paris copy®. Each talisman is made when one 
of the thirty-six decans is in the ascendent. The Opus ymaginum does 
not seem to have been referred to by Michael, though he is familiar 
with the demons of the decans who boast of their names and accom- 


plishments in the Testament of Solomon’; for he refers in the Liber in- 
troductorius® to the thirty-six images among the twelve zodiacal signs in 
which are found the wisest demons who will answer questions and 
bring many things to completion if they are conjured «racionabilitem. 


. F ff. 4v-8. See Pingree, «The Diffusion», 75-76. 

. Speculum XI 129-39. 

. Pingree, «The Diffusion», 83 and 87. 

. Β ἢ 2ova. 
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. Paris, Bibl. Nat. lat. 16204, 538b-5 43a. 

. C. C. McCown, The Testament of Solomon, Leipzig 1922, section XVIII, 51*- 
59”. For the Arabic tradition see Ibn al-Nadim, Kitab al-fihrist, ed. G. Fligel, 2 
vols., Leipzig 1871-72, I, 309-10. 
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The next item in the Florence manuscript describes an experimentum 
for the relief of men rendered impotent by magical mean’, a rather 
popular little work that apparently originated with Constantine the 
African in the late eleventh century? and was adopted from him by 
Peter of Spain and Arnald of Villanova in the thirteenth}. This is a 
piece of folk magic employing much obvious sexual symbolism both 
in the initial impeding maleficium and in the proposed counter-meas- 
ures. The ultimate cure, however, when it is seen that a diabolical 
power is involved, is the performance of an exorcism by a bishop or a 
priest; at this point it is elevated to the level of Salomonic magic. 

There are many other treatises of detestable or Salomonic magic in 
the Florence manuscript, following a group of Hermetic texts. The 
first of the detestable treatises is the Super eutuntam et super ydeam Salo- 
monis composed, it is said, by Salomon’s four disciples: Fortunatus, 
Eleazar, Macarius, and Toz the Greek‘. William of Auvergne speaks 
of the horrible image called the Idea Salomontis et entocta’ and it is re- 
ferred to by Albert® as the De quatuor annulis, which is entitled with 
the names of his four disciples, (and) which begins: «De arte eutonica 
et ydaica, etc.». The text in the Florentine manuscript breaks off in 
the middle of a sentence and in the middle of a page; the next two 
pages are left blank to receive the rest of the book, if it should ever be 
recovered. What remains describes the preparation of a gold ring of 
Mercury, of the symbol or ydea of Salomon, of the elaborate «pontifi- 
cal» mitre to be worn by the magicianpriest, his gloves, the candles, 
and the book in which the demons are to be compelled to write the 
answers to the questions posed to them. All of these preparations are 
accompanied by fasting, abstinence, suffumigations, exorcisms, and 
prayers, some of which are prescribed to be in Arabic. Finally a care- 
fully oriented house is constructed and properly adorned and pre- 
pared for the final ceremony of summoning the demons. Here is 
where the text breaks off. 


1. F ff. 8-8v. For the great antiquity of magic connected with problems of im- 
potence see R. D. Biggs, SA. ZI. GA. Ancient Mesopotamian Potency Incantations, 
Locust Valley 1967. 

2. L. Thorndike and P. Kibre, A Catalogue of Incipits of Mediaeval Scientific Writ- 
ings in Latin, London 1963, 1542. 

3. Thorndike, History, I, 850-51. 

4. F ff. 26v-29v. 

5. Thorndike, History, 11, 280. 

6. Speculum XI 76-78; see XI 23. 
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Though we cannot read the rest of this fascinating treatise, it ap- 
pears that Michael Scot, like his colleagues in Paris, could. For he 
states in the Liber introductorius': «It must be known that spirits some- 
times enter into the bodies of the dead and are accustomed through 
them to give answers to the wise man who summons them, as is 
proved in the Ars (i. e., the Ars notaria) of Alphiareus, in Florieth?, and 
in the Ydea of Salomon»; and he later mentions Salomon as one of the 
masters of the art along with the Sibilla, Tebit Benchoraf, Mesahalla, 
Dorotheus, Hermes, Boetius, Averroys, Iohannes Yspanus, Ysidorus, 
Zael, and Alchabicius3, a most curious mixture of authorities. 
The next detestable book in the Florence manuscript is one on the 


seven secret names of σα. It begins with a chain of authorities or 
isnad: Muhamet filius Alhascen et filius Amoemen (Muhammad ibn al- 
Hassan ibn al-Ma’ mun) who cites Abubelver Hamet filius Habrae (Aba 
Bakr Ahmad ibn Ibrahim), who cites Abubocher filius Mugehic (Abia 
Bakr ibn Mujahid), who cites Abulacha Abdinimen filius Abduc (this 
name is utterly corrupt), who finally quotes Abubelver Mauhmet filius 
Bosir (Abu Bakr Mahmid ibn Bashir). This book is evidently the «Liber 
septem nominum from the books of Muhameth» referred to by Albert’. 
The seven names, which were given to Moses on Mt. Sinai, are each 
associated with a week-day and a ceremony of inscription accompa- 
nied by suffumigations; there follow exorcisms for each inscribed name 
and the uses to which each may be put. Finally there are listed the an- 
gels of the four seasons, and the angels, winds, and names of the seven 
planets in the four triplicities. Some of these categories of angels, 
winds, and planet names are included by Albert in his description of 
the Institutio of Raziel®; perhaps that was our author’s inspiration. 
Between his notice of the seven names from the book of Muham- 
mad and the Institutio of Raziel Albert notes a Liber quindecim nomi- 
num also by Muhammad?. This indeed follows the text that we have 
just described in the Florence manuscript*. This curious tract begins: 


1. Bf. 22Vva. 
2. Compare the demon Floriget bound in the conjuration described at the end 
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«These are the fifteen secret names which the philosophers found in 
the four principle books — namely, in the law of Moses, in the Gospels, 
in the Psalms of David, and in the book of Muhammad». It then lists 
the recipients of the names, which were given by God: first to Enoch 
who is called Hermes, then in order to Noah, Moses, Lot, Isaiah, 
Abraham, and Joseph; then Moses receives the next three, followed by 
Joshua, Salomon (he received the name inscribed on the ring with 
which he controlled the demons), and Jesus the son of Mary (he used 
it to raise the dead and to cure lepers); and the last two God gave to 
Muhammad. In this text, then, instead of being the seal of the prophets 
Muhammad becomes the seal of the magicians. The text goes on to 
describe the object on which, the time at which, and the astrological 
configuration concurrent with which each of the fifteen names is to be 
inscribed, but it never gets around to revealing the names themselves. 
We are, however, told of the every-day objectives they will fulfill: one 
will repel mosquitos, another causes fish to swarm, and a third makes 
girls fall in love with the bearer. These objectives scarcely seem 
commensurate with the miracles wrought by Moses or Muhammad, 
allegedly using the same names. 

There shortly follows in the Florence manuscript a book On the se- 
crets of angels’ which, it claims, God sent by his angel Rachael to Adam 
after his expulsion from paradise. This recounts first several traditions 
concerning the names of the angels who guard the planets, and then 
numerous names of angels associated with each month of the Jewish 
calendar; it breaks off after Tabeth or December. Several of the plan- 
etary angels named in the De secretis angelorum are named also as angels 
guarding the planets by Michael Scot in the Liber introductorius*. These 
shared names are: Cadaciel in Michael for Cadet in the Secrets, Samiel 
in Michael for Zamael, Raphael in both, Abyaelin Michael for Anael, 
Michael in both, and Gabriel in both. Clearly Michael Scot and the 
author of the De secretis angelorum drew upon similar Jewish traditions. 
Michael’s angels, it should be noted, are identifiable with those in- 
scribed on a mirror according to Jabir’s Flos naturarum3 as quoted by 


1. F ff. 43v-44v. | 

2. ΒΕ 144vb, M f. 95a. See P. Morpurgo, «Note in margine a un poemetto as- 
trologico presente nei codici del Liber particularis de Michele Scoto», Pluteus, 2 
(1983), 5-14, esp. 8. 

3. Flos naturarum, par. 79 in my forthcoming edition. 
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the Latin Picatrix'; Jabir claims to have derived the mirror from Ptolemy 
of Babylon, but states that it was invented by three Indians from Egypt. 

Finally, the three treatises at the end of the Florence manuscript are 
all representatives of Salomonic magic. The first two concern almandal 
of Salomon. This mandal is in shape and inscriptions completely con- 


formable to an Indian mandala; it is remarkable to see the Sanskrit 
word transmitted so purely through Arabic, in which it is still used to 
refer to a magical object, to Latin. The figure is a square «wall» with a 
circle in the center and spokes pointing to the four cardinal directions 
(indicated by «gates») and to the four intermediate directions. On each 
of the four side walls are inscribed the names of angels. The whole al- 
mandal is engraved on a talismanic plate, which is suffumigated and ex- 
orcized. It then can be used for various magic acts including the ex- 
pulsion of demons from the possessed and four exorcisms of the jinn 
and the shaytan. Subsidiary sigils molded from Toledan wax reveal the 
place where our versions of this text were concocted. 

The first of these two versions is entitled Liber in figura almandal et 
eius opere?; it is perhaps the Almandal Salomonis of Albert}, and the al- 
mandal referred to by William+. The second book is the Liber de alman- 
dal which is called the table or altar of Salomon; this has the same in- 
cipit as Albert’s De figura almandal’. Here the four exorcisms are 
attributed to I¢mile (Ishmael) «Arhginemem». I have so far observed 
no mention of almandal by Michael Scot. 

Even weirder than Salomon’s almandal are the tabernacle and the 
sacrificial knife described, along with Salomonic exorcisms, animal 
sacrifices, and invocations of winds and demons in the most curious 
Liber Bileth which fills the last pages of the Florence manuscript®. Of 
this extraordinary text I shall only report now that Bileth or Biled 
traces his ancestry back through ten generations to Asmoday the son 
of Sanron, both of whom lived in the days of Salomon and assisted 
him in performing his greater and less works among the malignant 
spirits; in fact, according to the Testament of Solomon’, Asmodaeus was 


. Picatrix, ed. D. Pingree, London 1986, IV vit 23. 

. F ff. 74v-77. 
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one of the first wicked demons to be hauled in, bound, before the 
throne of Solomon. Despite this ancestry, our author concludes with 
the boast: «Non est potentior neque maior Biled». It is interesting in 
this context to note that the Arabic word balid means «stupid». 

The pages of the Florence manuscript’ are also richly inscribed with 
abominable or Hermetic texts, many of which were known to Alber- 
tus Magnus’, a few to William of Auvergne, but virtually none to 
Michael Scot. I begin with a short book ascribed to Hermes in which 
he describes the images and characters of the seven planets, culminat- 
ing in an eighth treatise, In magisterio imaginum3. Mercury’s seven 
books of the seven planets were also familiar to William of Auvergne’, 
According to Albert each of these books, when complete, should have 
included sections on the images, on the characters, on the rings, and 
on the sigils of its planet; but he found of the Liber Solis only that sec- 
tion, on characters, that is preserved in the Florence manuscript; he 
suggests that the remaining sections may simply not have been trans- 
lated. However, neither this Liber Solis nor the following Liber ymagi- 
num Lune comes, in fact, from Hermes’ series of eight. 

The Florence manuscript’s Liber ymaginum Lune> consists, after a 
brief preface, of the work of Belenius Apollo — that is, Apollonius — on 
the applications to magic of the lunar mansion occupied by the Moon, 
the names of the angels subservient to the images of the Moon, the 
names of and operations suitable for the hours of the day and the 
night, and on the images engraved in each of the twelve hours (with 
four additional images) and the magical uses of each. Clearly, much of 
Belenius’ work is strongly influenced by Salomonic magic. This com- 
posite Liber ymaginum Lune of Hermes corresponds to the Liber Lune to 
which is joined a De horarum opere and a De quatuor imaginibus ab aliis 
separatis ascribed to Balenuz according to Albert®. Michael Scot offers 
the name Ballemich — a common variant of Belenius — in a list of as- 
trological and magical authorities given at the beginning of the Liber 


1. F ff. 8v-9v. For a reconstruction of the seven books of the seven planets 
based on what was known prior to the investigation of Florence, Bibl. Nat., I. 111. 
214 see D. Pingree, «The Diffusion», 77-78. 

2. Speculum XI 59-62. 

3. Albert’s discussion of what he could find of the seven Hermetic books 1s to 
be found in Speculum XI 47-68. 

4. Opera, I, 881 and 953. 
5. F ff. 9v-15. 
6. Speculum ΧΙ 47-51. 
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particularis', but in the Liber introductorius copies much of it as if from a 
Liber ymaginum Lune written by Thabit and revised by Ptolemy’. In 
this case Michael may be deliberately trying to disguise the nature of 
his source by attributing it to acceptable authors. 

The entire series of the seven planetary books of Hermes once fol- 
lowed the Liber ymaginum Lune in the Florence manuscript}, though it 
is now imcomplete because of the loss of perhaps two gatherings be- 
tween f. 21v and f. 22. What remains is a lengthy preface concerning 
the origin of the text and general rules for the practice of Hermetic 
magic; the Liber Lune, the beginning of the Liber Solis, and most of the 
final Liber Saturni. Much of the lost middle section can be recovered 
from other manuscripts. 

The story of the origin of the seven books given in the preface is 
attributed to Hermes Triplex, and is parallel to Abu Ma’shar’s history 
of science‘, in which the first of three Hermes inscribed scientific texts 
on the pyramids of Egypt before the Flood that inaugurated the Kali- 
yuga. According to Hermes Triplex the whole of science was revealed 
to Adam, from whom it was learned by his son Abel. Abel, the Just, 
anticipating the coming Flood of Noah, composed the seven books of 
the seven planets and inscribed them on pieces of marble. Hermes 
claims to have discovered these marble slabs in Hebron, and made 
them the basis of his books. There clearly must have been numerous 
tablets since the Liber Lune alone occupied twenty of them. Abel- 
Hermes instructs the magician to employ suffumigations, prayers to the 
planets, and images of gold, silver, tin, and lead. This work is indeed 
Sabaean in character. The magician’s objectives, however, remain banal. 

More impressive for its imaginative exuberance is the incomplete 
Liber Veneris, the fourth book in the series, which is found in a fif- 
teenth-century manuscript originally copied in Germany, but now in 
the Vatican’; this is largely based on the two authorities we have met 
previously — Toz the Greek and Germa the Babylonian. It informs its 
reader of such things as the names of the hundred angels of Venus that 
are to be inscribed on a cast head of that planet; one is to do the same 


1. C f. lb. 
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3. F ff 15-23Vv. 
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to the reconstruction of the seven books see Pingree, «The Diffusion», 77. 
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on heads of the other six planets, but the names of their six hundred 
angels are missing. Other chapters deal with Venus’ rings and mirrors; 
we have no time to consider them now. But we are led to wonder 
what connection this Liber Veneris might have to the De stationibus ad 
cultum Veneris by Toz that both William of Auvergne’ and Albert? 
have mentioned. The identification is made likely by one passage in 
the Speculum} that speaks of, «the images of Toz the Greek and 
Germath the Babylonian, which include the stations to the ritual of 
Venus». The Liber Martis+ and the incomplete Liber Iovis’ as preserved 
in the Vatican manuscript contain little that is startling. 

There follows Hermes’ seven books of the seven planets in 
the Florence manuscript® a brief, anonymous treatise that is pure Har- 
ranian magic as I imagine it to be, though not as thorough as it might 
have been. It is entitled Liber de ieiuniis et sacrificiis et suffumigationibus 
septem stellarum, and in a short paragraph for each planet states the du- 
ration of the fast, and the bird or animal that must be sacrificed at its 
end. It then instructs the magician on the conjuration he must utter 
and the angel to whom he should address it while he munches the 
heart of the sacrifice and draws a series of characters. This little opus 
does not seem to have attracted anyone’s attention; or, if it did, he 
preferred not to acknowledge the fact. 

Two more rare texts are attributed to Hermes in the Florence man- 
uscript. The first is a Liber Mercurii7. Its incipit, «This is the Book of 
Mercury Hermes who is swift in running in the sphere of heaven», in- 
dicates that its author was considered to be the inferior planet rather 
than the terrestrial Trismegistus. It describes magic rings bearing gems 
engraved with images and characters and the rituals of suffumigation, 
prayer, and sacrifice that render them potent. As usual, astrology 
guides the operator in his choice of the times to perfect the rings and 
to perform these rituals. Of the incomplete text there survive descrip- 
tions of two rings of Mercury, two rings of Saturn (for the first of 
which the Liber Saturni is quoted), and one ring of Venus. 
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The second Hermetic work' is, unfortunately, very badly pre- 
served; clearly the fifteenth century scribe found his archetype either 
to be missing pages or to be impossible to decipher in many places. 
Fortunately the beginning survives: «In the name of God. The conju- 
ration is Betronos, which is also Saturnus, translated from Arabic into 
Latin by Theodosius, the Archbishop of Sardinia. This is the Book of 
the Planets found among the books of Hermes. Apollonius the philos- 
opher of Egypt translated it». 

I presume that Apollonius is supposed to have translated it from 
Egyptian into Chaldaean, since we are told later on that a sigil of 
Jupiter was translated from Egyptian into Chaldaean, and from 
Chaldaean into Latin’. Theodosius, the Archbishop of Sardinia — archi- 
episcopus Sardiensis — remains an utter mystery to me. He is not the 
Theodosius, a monk of Syracuse, who was captured with that city 
by the Arabs in 880 and thrown into a prison in Palermo, for that 
Theodosius wrote in Greek}. In this magical text, of course, Theo- 
dosius may be a pseudonym. But, given the fact that all of the other 
datable translations in the manuscript were extant in Latin by the 
second quarter of the thirteenth century, I would argue that this trans- 
lation also antedates 1225. Its title, Betronos, should be emended to Be- 
cronos; that represents a misreading of the Arabic ya quriinus, the words 
with which the Sabaeans conjured Saturn+. The Becronos describes 
planetary rings bearing engraved gems and ceremonies similar to those 
in the Liber Mercurti — ten rings of Saturn, five of Jupiter (with Jovian 
sigil and table as well) and three of Mars; at this point it breaks off. 

Clearly both of these texts will eventually provide valuable infor- 
mation concerning the magical practices of the Harranian Sabaeans. 
Even more exciting, however, is another translation in the Florence 
manuscript’, the Liber de locutione cum spiritibus planetarum. This turns 
out to be a Latin version of the original form of al-Tabari’s treatise on 
the planetary prayers of the Sabaeans, which has hitherto been known 
only from its citation in the Ghayat al-hakim®. The author of the 


. F ff. 33v-38. 
Phe 35 Vv: 
. K. Krumbacher, Geschichte der Byzantischen Literatur, Munchen 1891, 59. 
. Pseudo-Maégritt. Das Ziel des Weisen, ed. H. Ritter, 204. The name appears 
corruptly in Ibn al-Nadim, I, 321 as Qirqis; he is quoting from a Christian writer, 
Abt δα τὰ Wahb ibn Ibrahim. 

5. ΕΓ 31-33. 

6. Ghaya Ill 7, 195-228. 
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Ghaya has conflated Tabari’s text with material from other Sabaean 
sources; the Latin version presents a much more uniform and homo- 
geneous description of the ceremonies. In the Ghaya the author of this 
treatise is called simply al-Tabari, for which the Latin version pro- 
duced in Alfonso el Sabio’s court has Athabary; the newly found trans- 

lation calls him Abuelabe¢ Altanarani, which is a slightly mistaken 
transliteration of Abu al-‘Abbas al-Tabararii — a name not otherwise 
familiar to Arabic bibliographers. 

This survey does not exhaust the rich resources of the Florentine 
manuscript. It also contains, for instance, the pseudo-Platonic Book of 
the Cow! composed in Syria in the late ninth century under the influ- 
ence of Sabaean Hermeticism and known in Latin already to William 
of Auvergne’, and several works on suspensions and ligatures applied 
particularly to medicine — Ibn al-Jazzar’s De proprietatibus3, Qusta ibn 
Luga’s De physicis ligaturis+, in this manuscript attributed to Hunayn 
and said to have been translated from Arabic into Latin by Gerard of 
Cremona in Toledo, and the chapter on ligatures and suspensions of 
stones’ from the Mineralia completed by Albertus Magnus°, probably 
in Italy, in 1256/7 or 1261/2. 

This last piece, by Albert, appears to be the only one in the manu- 
script that is not a translation from Arabic. It occurs in a group of texts 
that are neither abominable nor detestable in Albert’s terms and that 
are not referred to in the Speculum. This group, occupying ff. 49v- 
74V, consists of the astrological De iudictis partium falsely ascribed to 
Ptolemy’; Ibn al-Jazzar’s De proprietatibus; pseudo-Plato’s Book of the 
Cow, the chapter on ligatures and suspensions from Albert’s Mineralia: 
and Qusta ibn Luga’s De physicis ligaturis. The scribe of the Florentine 
manuscript may well have copied this section from a manuscript other 
than the source or sources of his other texts. If this conjecture be con- 
sidered plausible, it is also possible to surmise that the next and last 

eroup of texts — those on Salomon’s Almandal and the Book of Bileth — 


. F ff. 57v-72. See Pingree, «The Diffusion», 71-72 and 80. 
. Opera, I, 43 and 70. 

. F ff. 54-57v. See Pingree, «The Diffusion», 70-71. 
. F ff. 73-74v. See Pingree, «The Diffusion», 68-69. 
. F ff. 72-73. 

. Mineralia Il iii 6, 146-51 of Albertus Magnus. Book of Minerals, translated by D. 
Wyckoff, Oxford 1967. , 


7. F ff. 49v-54. 
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may have been copied from a third source. It would still remain true 
that none of the translations was made after ca. 1225, and that the only 
text in the manuscript later than that date is Albert’s, of about 1260. In 
any case, it seems plausible to me that the collection of treatises on 
Hermetic, Salomonic, and celestial magic, preserved in the first sec- 
tion of the Florence manuscript, ff. 1-49, all of which had been trans- 
lated from Arabic in the twelfth century, many of which were known 
to William of Auvergne, and almost all of which are mentioned by 
Albert in chapter 11 of his Speculum astronomiae, were collected into a 
corpus in the early thirteenth century, perhaps in Paris. 

A number of the Salomonic treatises in this corpus, we have seen, 
were known to Michael Scot, who may have acquired this knowledge 
in Paris if he was in fact lecturing there on Sacrobosco’s Sphere in 
about 12307. He indeed reveals a rather wide knowledge of this form 
of learned magic in the pages of the Liber introductorius, as he also dis- 
plays an extensive familiarity with natural magic in the Liber particula- 
ris, where he gives examples of the marvels of nature — of heaven, of 
the elements, of paradise, of lakes, of rivers, of metals, of stones, of 
herbs, of trees, of concoctions, of man, of animals and their parts, of 
birds, of fish, and of small beasts and insects — a marvellous catalogue 
of curiosities’. 

_ But his main interest as far as magic was concerned centered on de- 
mons, whom he firmly believed in. At one point} he even describes, 
along with a Book of the Angelic Art by Solomon and a Book of Adam, a 
Book of the Perdition of the Soul and of the Heart which deals exhaustively 
with demons. This is presumably different from the Book of the Death 
of the Soul which Albert, who presents it as a letter from Aristotle to 
Alexander, calls the worst of 4114. In another place Michael gives a fan- 
tastic history of astronomical magic, which I shall attempt to summa- 
rize, adhering to his illogical order’. Zoroaster was the first discoverer 
of magic. He was born of the race of Sem® and taught by the demons 
in Persia. Nemroth the giant came to Persia after the dispersion of the 


1. This is the conjecture of Thorndike, Michael Scot, 35-36. 

2. C ff 48va-54va. 

3. Mf. rr4b. 

4. Speculum XI 95-97; see C. B. Schmitt and D. Knox, Pseudo-Anistoteles Latinus, 
London 1985, 44. 

5. B ff. 24b-25A. 

6. Son of Noah: Genesis 10.1. 
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72 languages, and learned from the demons how to worship fire. Then 
Cham!‘ tested the teachings of these spirits; and his son, Chanaam?, 
who had become even more learned in the art, composed thirty vol- 
umes on divination}. Chanaam’s son was Nemroth+, who wrote a 
book on all of astronomy. But Chanaam had another son, named 
Abraham, who also became an expert in that art. This Abraham, com- 
ing from Africa to Jerusalem, taught Demetrius and Alexander, who in 
turn taught Ptolemy the king of Egypt. This is the Ptolemy who, 
Michael says, «either by his own wit or perhaps by the induction of 
some spirit» discovered astronomical tables and the astrolabe (an instru- 
ment that, in the Liber particularis’, Michael claims the astronomers use 
to summon the evil spirits). This art together with the astrolabe was 
brought from Egypt to Spain by Athalax. Two clerics or scholars of 
France came to Athalax and, admiring the astrolabe but being ignorant 
of how to use it, bought it for a steep price. Bearing this precious in- 
strument, they hastened back to France to show it to their friends. At 
that time master Gilbert (that is, Gerbert of Aurillac) was the best nec- 
romancer in France, one whom the demons of the air obeyed in eve- 
rything because of his sacrifices, prayers, fastings, books, rings, and can- 
dles (these are all involved in the magic of the Super eutuntam et super 
ydeam Salomonis attributed to Salomon’s four pupils). Gilbert took the 
astrolabe into his chamber, summoned the demons with the help of his 
consecrated books, and ordered them to reveal to him the secrets of 
the astrolabe and of astronomy. They, taking on corporeal bodies, went 
to Egypt and Jerusalem and copied out the appropriate books for him. 

So was Arabic science, including magic, transmitted to Europe, ac- 
cording to Michael. But he goes on to relate how Gerbert’s soul was 
saved. After, with the help of diabolic wickedness, he became Bishop 
of Rheims, he was illuminated by God, abandoned his magical books, 
and developed a taste for holy scripture. Because of his fame for scientia 
and for chastity he became first Archbishop, and then Pope. 

I have given this lengthy summary of Michael’s odd history not 
only because it demonstrates his firm belief in the efficacy of demonic 


1. Sem’s younger brother: Genesis 10.1. 

2. Genesis 9.6. 

3. See the first antediluvian Hermes’ thirty pages in the story told by Abi 
Ma’shar; Pingree, Thousands, 15. 

4. From here on Michael’s genealogy diverges from that in Genesis. 

5. Cf. Iva. 
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magic, however contrary to the rules of the Roman church it may 
be, but also because the one magical text of his that we have, the 
Necromantie experimentum', which he sent to the coronatus of the king 
of Cecilia, one Philip who lay ill in the city of Corduba, gives in- 
structions remarkably similar to the procedures recommended in the 


Super eutuntam et super ydeam Salomonis, and these instructions are for 
summoning the demons to teach one a science just as Gerbert had 
done in Michael’s story. This is not the only description of a ceremo- 
ny of Salomonic magic in Michael’s works, in the Liber introductorius? 
there is a detailed description of one in which a virgin of five or sev- 
en years binds a demon named Floriget to appear in human form and 
to reveal the person of a thief and his hiding place. As Dante wrote, 
Michael was well informed about magic. Though we cannot be cer- 
tain that he himself actually practiced it, we can be sure that many of 
his contemporaries did. 


1. Edited in J. W. Brown, An Enquiry into the Life and Legend of Michael Scot, 
Edinburgh 1897, 231-34, from Florence, Laur. 89 sup., 38, ff 409v-41 (formerly ff. 
256V-260). 

2. B ff. 23a-23b. 
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